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Abstract: One of the most important and challenging jobs that any manager can take in the management of a large 
scale project that requires coordinating numerous activities throughout the organization. Initially, the activity times 
are static within the CPM technique and probabilistic within the PERT technique. Since neutrosophic set is the 
generalization of fuzzy set and intuitionistic fuzzy set, a new method of project evaluation and review technique for a 
project network in neutrosophic environment is proposed in this paper. Considering single valued neutrosophic 
number as the time of each activity in the project network, neutrosophic expected task time, neutrosophic variance, 
neutrosophic critical path and the neutrosophic total expected time for completing the project network are calculated 
here. The main concept of Neutrosophic Project Evaluation and Review Technique(NPERT) method is to solve the 
ambiguities in the activity times of a project network easily than other existing methods like classical PERT, Fuzzy 
PERT etc.The proposed method is explained by an illustrative example and the results are discussed here. 


Keywords: Neutrosophic set, Single Valued Neutrosophic Numbers, Neutrosophic critical path, 
Neutrosophic expected task times, Neutrosophic variance. 


1. Introduction 


The success of any large-scale project 1s very much dependent upon the quality of the planning, 
scheduling, and controlling of various phases of the project. Unless some type of planning and coordinating tool 
is used, the number of phases does not need to be very large before management starts losing control. Project 
Evaluation and Review Technique (PERT) is the best project management tool used to schedule, organize and 
coordinate the tasks in such type of large-scale project[3]. It 1s originally designed to plan a manufacturing 
project by employing a network of interrelated activities, coordinating optimum cost and time. It also emphasizes 
the relationship between the time of each activity, the costs associated with each phase, and the resulting time 
and cost for the anticipated completion of the entire project (Harry, 2004). PERT is also an integrated project 
man-agement system to manage the complexities of major manufacturing projects and the time deadlines created 
by defence industry projects. Most of these management systems were developed following World War II, and 
each has its advantages. PERT was first developed in 1958 by the U.S. Navy Special Projects office on the 
Polaris missile system. Existing integrated planning on such a large scale was deemed inadequate, so the Navy 
pulled in the Lockheed Aircraft Corporation and the management consulting firm of Booz, Allen, and Hamilton. 
Traditional techniques such as line of balance, Gantt charts and other systems were eliminated and PERT 
evolved as a means to deal with various time periods and it takes to finish the critical activities of an overall 
project. All defence contractors adopted PERT to manage the massive one-time projects associated with the 
industry after 1960. Smaller businesses awarded defence related government contracts, found it necessary to use 
PERT[9]. A typical PERT network consists of activities and events. An event is the completion of one program 
component at a particular time. An activity is defined as the time and resources required to move from one event 
to another. Therefore, when events and activities are clearly defined, progress of a program is easily monitored, 
and the path of the project proceeds toward termination. PERT mandates that each preceding event be completed 
before succeeding events and thus the final project can be considered complete. The critical path is a 
combination of events and activities. Slack time is defined as the difference between the total expected activity 
time for the project and the actual time for the entire project. Slack time is the spare time experienced in the 
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PERT (Ghaleb, 2001). PERT plays a major role whenever uncertainity occurs in activity times of a project 
network[3]. Several researchers are introduced and discussed the concept of PERT/CPM in various 
situations[ 1,2,5,6,7,10,14,16,17,18,19]. Neutrosophic sets have been introduced as a generalization of crisp sets, 
fuzzy sets, and intuitionistic fuzzy sets to represent uncertain, inconsistent and incomplete information about real 
world problems. Elements of neutrosophic set are characterized by a truth-membership, falsity-membership and 
indeterminacy membership functions[11,12]. Neutrosophic set theory 1s applied in multi attribute decision 
making[15]. The subtraction and division of neutrosophic numbers were discussed in [13]. In this paper, new 
algorithm for finding project evaluation and review technique(NPERT) by neutro-sophic numbers for a given 
network is introduced in a better way than other existing methods. Neutrosophic critical path and their variance 
of a project network are calculated here. The neutrosophic expected task times for completing the project and the 
probability of time for completing the project within a expected period of time are also derived. 


2.Preliminaries 


Some basic definitions in neutrosophic set and neutrosophic numbers which are very useful in the construction of 
NPERT presented here. 


Definition 2.1. [8]. Let E be a universe. A neutrosophic set A in E is characterized by a truth-membership 
function Ta, a indeterminacy-membership function I, and a falsity-membership function Fa. Ta(x), Ia(x) and 
F(x) are real standard elements of [0,1]. It can be written as 

A= {<x, (Ta(x), Ta(x), Fa(x)) >: x € E; Ta(x), Ta(x), Fa(x) € ] 0; 171 } 
There is no restriction on the sum of T(x) Ia(x) and Fa(x). So, 0< Ta(x) + Ia(x) + Fa(x)S3*: 


Definition 2.2. [8]. Let E be a universe. A single valued neutrosophic set A, which can be used in real scientific 
and engineering applications, in E is characterized by a truth-membership function Ta, an indeterminacy- 
membership function I, and a falsity-membership function Fa. Ta(x), [a(x) and Fa(x) are real standard elements 
of [0,1]. It can be written as 


A= {< x; (Ta(x), Ta(x), Fa(x)) >: x € E, Ta(x), a(x), Fa(x) € [0; 1] } 


Definition 2.3. [4]. Let 4 =< (a, bi, c1); Wa, tia, Ya >, and b =< (a2, bo, C2); Wo, tb, Hp > be two single valued 
triangular neutrosophic numbers and y # 0 be any real number. Then, 


l. d+b =<(ai+a, bj + by, c1 + C2); Wa Wo, ta V tip, Ya V Yo > 


2. a—-b=< (ai - C2, bi - be, ci - a2);Wa A Wo, Ua V Up, Ya y Yb > 


< (a1a2, bi be, C1C2); Wa /\ Wp, Ua V Up, Va V Yb > (C1 > 0; C2 > O) 


3. ab = < (a1C2, bibe, C1a2); Ww, \ Wo, Ua V Ub, Va V Vb > (c; < 0; co > 0) 
< (C1C2, bybe, a1a2); Ww, \ Wo, Ua V Up, Va V Vb > (c; < 0; co < 0) 


< (al/c2, b1/b2, cl/a2); Wa A Wp, tla V Ob, Ya V Yo > (C1 > 0; c2 > 0) 
a 
4. >= < (cl/c2, b1/b2, cl/c2); Wa A Wp, tla V Ob, Ya V Yo > (C1 < 0; C2 > 0) 
b 
< (cl/a2, b1/b2, al/c2);); Wa A Wo, ta V Ob, Ya V Yo > (C1 < 03 C2 < 0) 


a be < (yal, ybl, ycl); Wa, a, Ya >(y> 0) 
<(ycl, ybl, yal); Wa, Ua, Ya >(y> 0) 


z—F 
6.4% =<(I/cl, 1/b1, 1/al); Wa, ta, Va >(4 0) 
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Definition 2.4. [8]. Let A; =< Ti, l, F, > be a single valued neutrosophic number. Then, the score function 
s(A,), accuracy function a(A1), and certainty function c(A;) of an single valued neutrosophic numbers are defind 
1. s(Ai) =(T141- 4+1-F)/3 


2: a(A1) = Ti = F, 
3. c(A1) = 17 


Definition 2.5. [13]. Let A = (ti,1, fi) and B = (ts, 12, f2) be two single-valued neutrosophic numbers, where ti, 11, 
fi, to, 12, fo € [0; 1] , and O< ti, u, fi <3 and OX< to, 1, f2 <3. The division of neutrosophic numbers A and B 1s de- 
fined as follows: 

fii Ff, 
A ©B = (ti, ti, f1) SW (te, 2, fo) = =) where t1, 11, fi, to, 12, f2 € [0; 1], with the restriction that t24#0, bF 
1 and f.4 | 
Similarly, the division of neutrosophic numbers only partially works, i.e. when t.# 0, p41 and f.4 1. In the 
same way, the restriction that 
(es iy-iz fy—f; 
tz’1-iz' 1-f, 


1, f are in the interval [0, 1]. 





) € ({O, 1], [0,1], [O, 1]) is set when the traditional case occurs, when the neutrosophic number components t, 


9 


3 NPERT Analysis 


NPERT computations are the same as those of NCPM[8]. The main difference is that instead of activity duration 
we use neutrosphic expected time for the activity. Activity times are represented by a neutrosphic probability 
distribution. This neutrosphic probability distribution is based on three different time estimates are as follows: 


1. Neutrosophic Optimistic Time [ to’ = (t's, to, t*o )* J: 


In this time, each and every activity of a network is going well without any disturbance like shortage of money, 
labour and raw materials etc., and the project will be completed within a period of expected time. 


2. Neutrosophic Pessimistic Time [ tp‘ = (t'p, t'p, t"p )N I: 


In this time, most of the activities in a project are disturbed when the work is going. So, the project will not be 
completed in an expected period of time. The time of completion of the project will go more than the expected 
time. 


3. Neutrosophic Most likely Time [ tn = (t'm, thn, thm) J: 


In this time, some of the activities are disturbed when the work is going. So the time of completion will extend 
slightly more than the expected time 


ni Z J 2 
Also the neutrosophic expected mean time [teN — (t-",tetef)8 and the neutrosophic variance a* - @* io oF a 
of the project network are given as follows: 


N N 


| a 
t =-[t," +4¢," +t,"Jando? = © 
6 m ° 





) 


é 


The neutrosophic earliest and latest start time as well as neutrosophic earliest and latest finish time of each 
activity for finding neutrosophic critical path of a project are derived by using forward pass and backward 
pass calculations as follows: 
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(a). Forward Pass Calculations: 


Here, we start from the initial node | with starting time zero in increasing order and end at final node n. At 
each node, neutrosophic earliest start and finish times are calculated by considering E( pi)‘ . 


Step:1 Set E(u)‘ =< 0, 0, 0 >, i=1 for the initial node. 


Step:2 Set neutrosophic earliest start for each activity as ES(uij)N = E(ui) for all activities (i,j) that start at 
node 1. 


Step:3 Compute neutrosophic earliest finish for each activity as EF (uij)% = E(uij)% + (ti) = E(ui)® + (ti) , 
for all activities (i,j) that start at node 1 and move on to next node. 


Step:4 If node j > i, compute neutrosophic earliest occurance for each node j using E(1;)% = max {EF (ui) } = 
max {E(ui)N + (ti)%}, for all immediate predecessor activities. 


Step:5 If j=n(final node), then the neutrosophic earliest finish time for the project is given by E(un)% = 
max {EF (i)*} = max {E(un-1)” + (ty)}: 


(b). Backward Pass Calculations: 


Here, we start from last(final) node n of the network in decreasing order and end at initial node 1. At every 
node, neutrosophic latest finish and start times for each activity are calculated by considering L(y)" . 


Step:1 L(un)N = E(un)¥, jen. 
Step:2 Set neutrosophic latest finish time for each activity as LF (uij)N = L(u,) that ends at node j. 


Step:3 Compute neutrosophic latest occurence time for all activities ends at j as LS(ui)N = LF(pi)' (ti)N = 
L(u)% (ti) , for all activities (i,j) that start at node i and move on to next node. 


Step:4 If node i < j, compute neutrosophic latest occurence time for each node i, using L(ui)% 
= min {LS(uij)% } = min{L(u)* -(tj)* } by proceeding backward process from node j to node 1. 
Step:5 If j=1 (initial node),then we have L(u1)‘ = min{LS(u)% } = min {L(u2)% - (t)N }: 


From the above calculations, an Cae (1,}) will be critical if it satisfies the following conditions: 
(i). E(ui)S = L(ui)% and Cale Br 
L(pi)™ = (ti). 


(11). E(p)* - E(ui)* = L(y) 
An activity which does not satisfies the above conditions is called non critical activity. 


3.1 Neutrosophic Float or Slack of an activity and event: 


The neutrosophic time of an activity which makes delay in its completion time without affecting the total 
project completion time is called neutrosophic float. Neutrosophic event float and neutrosophic activity 
float are two types of neutrosophic floats. 


1. Neutrosophic Event float: 
The neutrosophic float of an event is the difference between its neutrosophic latest and 
earliest time. (i.e). Neutrosophic event float = L(ui)‘ - E(uij)% 


2. Neutrosophic activity float: 


Neutrosophic total float and neutrosophic free float are two types of neutrosophic activity floats. They are 
calculated as follows: 
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a. Neutrosophic total float(NTF) 
Neutrosophic total float 1s the positive difference between the neutrosophic earliest finish(start) time and 


neutrosophic latest finish(start) time of an activity. 
Neutrosophic total float (NTF) = LF (ij)% - EF (uij)N (or) LS(uij)% - ES(uij) 


b. Neutrosophic free float(NFF) 
The delay in neutrosophic time of an activity which does not cause delay in its immediate successor 


activities 1s called neutrosophic free float of an activity. 
Neutrosophic free float(NFF) = ( E(u;)% - E(ui)® ) - (t)% 


3.2 Neutrosophic Project Evaluation an Review Technique Algorithm: 


In this section, NPERT algorithm for a project network is established. This algorithm is used to find the 
neutrosophic critical path, neutrosophic expected time to complete each activity in a project and to 
calculate the probability of the neutrosophic expected time to compete the total project within a given 
period of time when it is not able to find best solution using existing methods in uncertain environment. 


Step:1 Calculate neutrosophic earliest and latest work time for every activity using forward pass and 
backward pass calculations. 


Step:2 Using neutrosophic earliest and latest work time of every activity, determine neutrosophic critical 
path for the given network. 


Step:3 Calculate neutrosophic expected time of every activity for the given network. 
Step:4 Calculate neutrosophic expected variance. 


Step:5 Calculate neutrosophic total float of every activity. 


Moore A 
ec 


i 





Step:6 Find neutrosophic standard normal # Ve using the neutrosophic critical path. 


Step:7 Finally estimate the probability of completing the project within a due date. 


Illustrative Example: 
The neutrosophic estimate times for all activities in a project network are given in the following table. 


Neutro. optimistic time (to ) 
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“< 0.12, 0.37,0.5 5 > 


< 0.17, 0.35, 0.52 > | << 0.12, 0.27, 0.4 > 


belie rs 


- 0,79, 1,78, 2.8 >| 






Ps 
< 0.25, 0.53, 0. na ae 0 < 013, 0,33, 0.45 > 


< 0.15, 0.43, 0.68 > 


een U5, 116, 1. 78'S 
|< 0.35,0.73,1.1 >| < 0.5, 1.16, 1.78 : 


Determine the following: 

1. Neutrosophic earliest and neutrosophic latest expected times for each node 

il. Neutrosophic critical path 

11. Neutrosophic expected task times and their variance 

iv. The probability that the project will be completed within [DN =] < 0.8, 2, 3> 


Solution: 


i(a).Neutrosophic earliest expected task times: 


E(u) 
E(u2)" 


E(u3)" 


Similarly, 


E(u)" 
E(s)* 
E(Us) 


<0, 0,0> 

<0, 0,0>+< 0.17, 0.35, 0.52 > 

< 0.17, 0.35, 0.52 > 

max{< 0, 0,0 >+< 0.25, 0.53, 0.72 >, < 0.17, 0.35, 0.52 > + < 0.18, 0.38, 0.58 >} 
= <0.35, 0.73, 1.1> 


< 0.5, 1.16, 1.78 > 
< 0.67, 1.51, 2.4> 
< 0.79, 1.78, 2.8 > 


i(b). Neutrosophic latest expected task times: 


L(t) 
L(us)* 
L(ua)” 


Similarly, 


< 0.79, 1.78, 2.8 > 
< 0.79, 1.78, 2.8 > - < 0:12, 0:27, 0:4 > 
min{< 0.79, 1.78, 2.8 > - < 0.13, 0.33, 0.45 >, < 0.69, 1.51, 2.4 > - < 0.17, 0.35, 0.62 >} 


< 0.5, 1.16, 1.78 > 


< 0.35, 0.73, 1.1 > 
< 0.17, 0.35, 0.52 > 
<0, 0,0> 


ii. From 1(a) and 1(b), we conclude that the neutrosophiic critical path is 1 — 2 ~ 3— 4— 5— 6. 


ili, From above neutrosophic critical path, the total neutrosophic expected task time for completing the 
project is < 0.79, 1.78, 2.8 > 
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Also, the neutrosophic variance for the critical activities are: 


| 
N= Po +4te" 41," ] 
6 6 


(1,2) < 0.17, 0.35, 0.52 > 
(2,3) 
(3,4) 
(4,5) 





(5,6) < 0.12, 0.27, 0:4 > < 0.0004, 0.0009, 0.0009 > 
< 0.79, 1.78, 2.8 > < 0.0012, 0.0081, 0.0106 > 


Table.1 


Hence, from table(1), the neutrosophic expected mean time [E( peN )] = < 0.79, 1.78, 2.8 > and the neutrosophic 
ol 
expected vaiance [a> |] =<0.0012, 0.0081, 0.0106> 


So, 7 =< 0.0346, 0.09, 0.103 >. 


Now, 
ZN _ DY -E(ue™) 
808,25 >—< 0.791,78.2.8 > 
< 0.0346,0.09,0.103 > 
— <0.01,0.22,0.2 > 


~ <0.03460.09,0.103 > 


= <0).29,0.143,0.108> 
= 0.6796 
by score function in definition 2.4. 


iv. From the table of area under normal curve, P (ZN < 0.6796) = 0.5 + 0.2517 = 0.7517. 
Therefore, the requried probability that the project will be completed within the time < 0.8, 2, 3 > 1s 0.7517. 


4 Applications 


This method is very useful than other existing methods like PERT, fuzzy PERT and intuitionistic fuzzy PERT 
etc., whenver uncertainty occurs in various activities like planning, scheduling, developing, designing, testing, 


maintaining and advertising for the fields of administration, construction, manufacturing and marketing etc., 


5 Advantages 


1. It gives the better accuracy than other methods for each and every activity of a project. 


2. Due to its accuracy, it is easy to find the best optimum schedule for every project. 


3. Also the level of performance of each and every activity will be increased by interrelating them. 


4. Controlling each activity in a project become very simple. 


M. Mullai, R. Surya and NEUTROSOPHIC PROJECT EVALUATION AND REVIEW TECHNIQUES 


8 


Neutrosophic Sets and Systems, Vol. 24, 2019 


Conclusion 


In this paper, NPERT calculation with single valued neutrosophic numbers for finding the total neutrosophic 
expected task time for completing a project network is introduced. The proposed method helps the users to take 
right decisions in scheduling, organizing and completing the project within a minimum duration. Also, it helps to 
find the probability of neutrosophic estimate time of a project. Comparing with other existing meth-ods, this 
method gives better results and also the NPERT algorithm is explained by an example using a set of 


neutrosophic numbers as length of arcs in a network. The applications and advantages of proposed method are 
also given. In future, we have planned to use this NPERT method in various network models. 
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Abstract. In this paper we have obtained the similarity measures between single valued neutrosophic rough sets by analyzing the 
concept of its distance between them and studied its properties. Further we have studied its similarity based on its members hip degrees 
and studied its properties. We have also defined the cardinality of two single valued neutrosophic rough sets. A numerical example in 
medical diagnosis is given for the proposed similarity measure of the single valued neutrosophic rough sets which helps us to prove the 
usefulness and flexibility of the proposed method. 


Keywords: Single valued neutrosophic rough sets, similarity measure, cardinality. 


1 Introduction 


Fuzzy sets are generalizations of classical (crisp) sets which is based on partial membership of the elements 
and this was proposed by Zadeh [32] in 1965.. In 1983,K. Atanassov [2] proposed the concept of Intuitionistic 
fuzzy set which is a generalization of fuzzy set theory and is based on the degree of membership and non- 
membership and is described in the real unit interval [0,1], whose sum also belongs to the same interval. 


IFS has numerous applications in decision making problems, medical diagnosis etc. After the theory of IFS 
many theories have been developed which are suitable in their respective areas. 


In 1995 Florentin Smarandache [27] proposed the concept of Neutrosophic logic which provides the main 
distinction of fuzzy and IFS. It is a logic which is based on degree of truth (T), degree of indeterminacy (I) and 
degree of falsity (F) and lies in the nonstandard unit interval ]0~,1*[. Neutrosophic set theory deals with 
uncertainity factor 1.e, indeterminacy factor which is independent of truth and falsity values. Neutrosophic theory is 
applicable to the fields which 1s related to indeterminacy factor i.e, in the field of image processing, medical 
diagnosis and decision making problem. 


In 1982, Pawlak [18] introduced the concept of rough set which is based upon the approximation of sets 
known as lower and upper approximation of a set. These two lower and upper approximation operators based on 
equivalence relation. 


Rough fuzzy sets, intuitionistic fuzzy rough sets, neutrosophic rough sets are introduced by combining the 
rough sets respectively with fuzzy, intuitionstic, neutrosophic sets. In particular rough neutrosophic set initiated by 
Broumi and Smarandache (2014) [5]. C. Antony Crispin Sweety & I. Arockiarani(2016)[1] studied the concept of 
neutrosophic rough set algebra[1]. Wang (2010) [30] proposed the concept of SVNS which is a very new hot 
research topic. 


SVNS and rough sets both deals with inaccuracy information and both combined together to provide a new 
hybrid model of single valued neutrosophic rough set. Many authors [3,4,6,8,9,19,31] studied the concept of 
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similarity and entropy between the two single valued neutrosophic sets which helps to identify whether two sets are 
identical or atleast to what degree they are identical by using the concept of distance formula and membership 
function. Similarity plays a vital role in many fields like computational intelligence, psychology and linguistics, 
medical diagnosis, multi-attribute decision making problems. 


Smarandache.F introduced the “Neutrosophic Sets and Systems“ and its applications have been spreaded in all 
directions at an amazing rate. Smarandache, F. & Pramanik, S. (Eds). (2016)[28] New trends in neutrosophic 
theory and applications emphases on theories, procedures, systems for decision making, medical diagnosis and also 
discussed the topic includes e-learning, graph theory and some more. Recently Smarandache, F. & Pramanik, S. 
(Eds). (2018) and Mondal, K., Pramanik, S., & Giri, B. C. (2018) [29,17] studies New trends in neutrosophic 
theory and applications, Fuzzy Multicriteria Decision Making Using Neutrosophic Sets which provides the 
innovative study and application papers from diverse viewpoints covering the areas of neutrosophic studies, such as 
decision making, graph theory, image processing, probability theory, topology, and some abstract papers. 


Pramanik, S., Roy, R., Roy, T. K., & Smarandache, F. (2018)[24] studied multi-attribute decision making based 
on several trigonometric hamming similarity measures under interval rough neutrosophic environment. Pramanik, S., 
Roy, R., Roy, T. K. & Smarandache, F. (2017)[23] also proposed the concept of multi criteria decision making using 
correlation coefficient under rough neutrosophic environment. Pramanik, S., & Mondal, K. (2015)[20] Mondal, K., 
Pramanik, S., & Smarandache, F. (2016) [9] studied several trigonometric Hamming similarity measures of rough 
neutrosophic sets and their applications in decision making. 


Medical diagnosis is the process of determining which disease or condition explains a person’s symptoms and 
signs. Similarity measures plays a efficient role in analysing the medical diagnosis problem. S. Pramanik, and K. 
Mondal. (2015)[12] described the cotangent similarity measure of rough neutrosophic sets and its application to 
medical diagnosis. And also Pramanik, S., & Mondal, K. (2015)[13] studied Cosine similarity measure of rough 
neutrosophic sets and its application in medical diagnosis. 


In this paper Section 2 gives some basic definitions of rough sets, neutrosophic sets, SVNSs and single valued 
neutrosophic rough sets. Section. 3 provides the distance and cardinality of two single valued neutrosophic rough 
sets with suitable example. In Section.4, we investigate the similarity measure of two single valued neutrosophic 
rough sets based on distance formulae and membership degrees. Section 5 gives a numerical example in medical 
diagnosis for the proposed similarity measure of single valued neutrosophic rough sets. Section 6 concludes the 


paper. 
2 Preliminaries 


In this section we recall the basic definitions of rough sets, Neutrosophic sets and single valued neutrosophic 
rough sets which will be used in the rest of the paper. 


2.1 Definition 2.1[5] 

Let U be any non-empty set. Suppose R is an equivalence relation over U. For any non — null subset X of U, 
the sets A,(x)={X :[x], CG X} and A, (x) ={X : [x], AX #9} are called the lower approximation 
and upper approximation respectively of X where the pair S=(U,R) is called an approximation space. This 
equivalence relation R is called indiscernibility relation. The pair ACX ) = (A,(X),A,(X’)) is called the 


rough set of X in S. Here [x] p denotes the equivalence class of R containing X. 


2.2 Definition 2.2[27] 
Let X be an universe of discourse, with a generic element in X denoted by X , the neutrosophic (NS) set is an 


object having the form, A={<x:uW,(%),V,(x),@,(x)>,xeX} where the functions 
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U,V,0:X > 01" | define respectively the degree of membership ( or truth) , the degree of indeterminacy, 


and the degree of non-membership ( or falsehood ) of the element x € X__ to the set A with the condition, 


“O< “,(x)+Vv, (x) +a, (x) <3" 


2.3 Definition 2.3[30] 
Let U be a space of points (objects), with a generic element in U denoted by xX. A single valued neutrosophic 


set (SVNS) A in U is characterized by a truth-membership function 7, , an indeterminacy- membership 
function J, and a falsity membership function F’, , where VxeU, T,(x),/,(4),F,(x)€[01) 
and O<T, (x) +1, (4) + F(x) 83 A SVNS A can be expressed as 
A={<x:T,(x),1,(x), F,(x)>,x €U} 


2.4 Definition 2.4[7] 
A SVNS Rin U XU is referred to as a single valued neutrosophic relation (SVNR) in U, denoted by 
R={< (yy) TX, y), LRG), Pe (x y)>lx, y) EU xU} 
where 7, :UxU [0,1], 7, :UxU [0,1] and F, : UxU — [0,1] represent the truth — membership 


function, indeterminacy-membership function and falsity-membership function of R respectively. Based on a SVNR, 
Yang et al.[4] gave the notion of single valued neutrosophic rough set as follows. 


Let R be a SVNR in U, the tuple (U .R ) is called a single valued neutrosophic approximation space 


~ 


V Ae SVNS (U) , the lower and upper approximations of A with respect to (U ,R) , denoted by 


R (A) and R (A) are two SVNS’s whose membership functions are defined as VxEU , 


a > (F(x, y)VT;(y)), 
Fad Cal (1-J,(x, y) AT (y)), 
Fan = yea (Ty (0, y) AF (9), 


(= ans (T; (x, y) AT-(y)), 


R(A) 
Ie 5 (X) 7 a CF (x, y) Vv I-(y)), 
Fy (= 4, (Fg 9) V FQ). 


The pair (R (A),R (A)) is called a single valued neutrosophic rough set of A with respect to (U .R ie 


~! 


R and R arereferred to as single valued neutrosophic lower and upper approximation operators respectively. 


3 Distance between two single valued neutrosophic rough sets 


In this section we define the distance between two single valued neutrosophic rough sets of A and B with 


respect to (U, R,) and (U, R, )in the universe U ={ x, ,X5, X35... Xs 
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3.1 Definition 3.1 


Let us consider two single valued neutrosophic rough sets of A and B with respect to 
(U,R,)and (U,R,) in the universe U ={ x, ,X,,%3,...... x,}. Here R and R are referred to as the 


single valued neutrosophic lower and upper approximation operators respectively. Throughout this section A and 


B denote the single valued neutrosophic rough sets with respect to (U, R,) and (U, R,) 


(i) The Hamming distance of two single valued neutrosophic rough sets A and B with respect to its lower 
approximation: 


d,(A,B)= it Ta, (4)) Tap lt Up Q— Tea @dl+ Fag @d— Fag 0 (1) 


(ii) The Hamming distance of two single valued neutrosophic rough sets A and B with respect to its upper approximation: 


d,(A,B)=> (ITs, (Ty I+ Ug gO) — Fea + FG - Fag, G00) (2) 


R(B) 
(iii) The normalized Hamming distance of A and B with respect to its lower approximation: 


ly (A, B)= ol Ts 3) (X,)-Tg.g, (a) I+ Ugg) — Ley lt Fag Q)- Fea, dU (3) 


(iv) The normalized Hamming distance of A and B with respect to its upper approximation: 


1,(A,B rap Tz Typ @l+ Ug G- Iggy Gdl+ FR Gi) - (x,)1} (4) 


Fe 


(v) The Euclidian distance of two single valued neutrosophic rough sets A and B with respect to its lower approx- 
imation: 










ey (A, B)= x Tq) TeV + Uga@d- lemon’ + Fig@- aay’ © 


(vi) The Euclidian distance of two single valued neutrosophic rough sets A and B with respect to its upper ap- 
proximation: 





e.(A,B)= x T; ,)-Te i) + Ug @- gl’ t (Ry @- Rag’ © 


R(B) R(A) R(B) R(A) R(B) 


(vii) The normalized Euclidian distance of two single valued neutrosophic rough sets A and B with respect to its 
lower approximation: 





a Ty) -Ta pO) + Ug a @- lag Od + Fea Od- Fra @y O 


(viii) The normalized Euclidian distance of two single valued neutrosophic rough sets A and B with respect to its 
upper approximation: 
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15 5,0) Ty ay A) + Ug gy @O~ Fag QOY + Fg @d~ Fag ® 


R(A) R(B) R(A) R(B) R(A) 


Now for equations (1) — (8) the following conditions holds: 


(a) O<d,(A,B)<3n , 0 <d—(A,B)<3n (9) 

(b) 0<ly(A,B)<1 , O<I-(A,B)<I1 (10) 

() O<e,(A,B)<vV3n , 0<e_(A,B)<v3n (11) 

(d) 0<qy(A,B)<1 , 0<q-(A,B)<I1 (12) 
Example 3.2 


Let U ={ x, ,x,,,}be the universe and R, R, E€SVNS (U xU ) is given in Table 1 and Table 2 
Let A={ <x, ,(0.3,0.4,0.5) >,<x, ,(0,1,0.3)>,<x, ,(0.4,0.3,0.6) > } 
B={< x, ,(0.2,0.8,0.1) >,<x, ,(1,0.3,1) >,<x, ,(0.5,0.3,0) >} are SVNS’s in U. 


(.0,0.6,0.4) (1,0,0.4) (0.3,0.7,0.2) 


(0,0.1,0.5) (0.5,0,0.4) (0.3,0.4,0.8) 
(1,0,0.6) 





Table 1: SVNR R, 


a TENTS nay 


(0,0.1,0.3) (0.5,0.4,1) (0.5,1,0) 
(1,1,0) (0.4,1,1) (1,0,0) 





Table 2: SVNR KX, 


According to Definition 2.4 , we have 


Fam =f A (Fx (%2 9) V T;(y))=0.4 
Tam O= ¥ (Tg ATO) =I 
Fay Qi= ¥, Tai y) A Fy (9) =03, 
Fg, d= ¥, Tg AT; OQ) =0.3 


R(A) 


= ~(%,)= CG ae aes 


Ie 


F; (d= A Fy.) ¥ Fy())=04 
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Hence, 


R(A)(x,)=(0.4,1,0.3) and R(A)(x,)=(0.3,0.6,0.4) 


Similarly we can obtain, 


R (A) (x,)=(0.4,10.3) and — R(A)(x,)=(0.3,0.4,0.4) 
R (A) (x,)=(0.6,0.4,0.5) and — R(A)(x,)=(0.3,0.3,0.6) 
R (B)(x,)=(0.5,0.8,0.2) and  R(B)(x,)=(0.5,0.3,0.5) 
R (B) (x,)=(0.3,0.8,0.5) and R(B)(x,)=(0.5,0.4,0) 
R (B) (x,)=(0.2,0.3,0.4) and — R(B)(x,)=(0.5,0.3,0) 


Then the distance between A and B will be as follows : 


(A,B) =r Tx 3) (4%) —-Tg g(a) IF Wg) — Leggy Olt Fag Q)- Fey ni) 


R(A) R(B) 


=r ay A) Tae Olt Ug qy GQ — Tp (dl+ Fea G@)- Fea Gd) 
= 1.5 
dy(A,B)=1.5 


Similarly the other distances will be, 


d.(A,B)=2 

1, (A, B)=0.1666 ,  L(A,B)=0.2222 
e, (A, B)=0.5745 ,  e-(A,B) =0.86023 
dy (A, B)=0.1916 ,  g-(A,B)=0.30916 


3.3 Definition 3.3 ( Cardinality) 


The cardinality of a single valued neutrosophic rough set of A with respect to (U .R ) is denoted as 


R [c] and R [c], where R{c] =[R (c'),R (c")] is known as single valued neutrosophic lower approximation 


cardinality and, R [c] =| R (c') : R (c" ) | is known as single valued neutrosophic upper approximation cardinality. 


Here R (c') , R(c") denotes minimum and maximum cardinality of a single valued neutrosophic rough set with 


respect to lower approximation and is defined as , 
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R(c!)= 7 ay) and R(c")= om Tgp UT gy G))) (13) 


Here R (c'), R (c") denotes minimum and maximum cardinality of a single valued neutrosophic rough set with respect 


to upper oe and is defined as , 


Ree) = LT a) and R(c")= mG mt Aig) (14) 
Example 3.4 
Let us consider the single valued neutrosophic rough set of B from Example 3.2 we have the following cardinality, 
R(c')= 7 ca) ( 
-)i7 Ray 
R (c') =1 


R(c")= om Trea (%+ Uli 4) 


- “YI Trea (%)+ A-Lgy i) 


R(c")=2.1 
R{c] =[R(c'), R(c") =U, 2.1] 


Similarly we can obtain, 
Ric] =[R (c!),R (c") ]=[1.5,3.5] 


4 Similarity measure between two single valued neutrosophic rough sets: 


In this section we have defined the similarity measure between two single valued neutrosophic rough sets by the 
following two methods . 


(1) Distance based similarity measure 
(11) Membership degree based similarity measure 


A similarity measure between two single valued neutrosophic rough sets is a function defined as 
S:N(U) [0,1] and N(U)? [0,1] which satisfies the following properties. 
(i) S, (A, B) [0,1] and S_(A,B)e[0,1] 
(ji) S,(A,B)=1A=B and S.(A,B)=1A=B (15) 
(iii) Sy (A, B)=S,(B,A) and S—(A,B)=S—(B,A) 
(vy ACBCC >S,(A,C)<S, (A, B)ASy (B,C) and S_(A,C)<S.(A, B) AS (B,C) 
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where 8S (A,B ) and § (A,B ) denotes the similarity measure of two single valued neutrosophic rough sets with 


respect to lower and upper approximation respectively. 


4.1 Distance based similarity measure: 


In general similarity measure or similarity function is a real-valued function that quantifies the similarity 
between two objects. It is the inverse of distance metrics. 
Using the distance formulae it is generally defined as, 


I 
S' (A, B)=——_—— 16 
— 1+d (A,B) 


For example if we consider the Euclidian distance of two single valued neutrosophic rough sets of A and B with respect to 
its lower approximation then it’s associated similarity can be calculated as, 


1 


Si (A. 3) S——— 
1+e, (A,B) 


Example 4.1.1 


From Example 3.2 the similarity measure can be calculated as, 


Si Ap =(.6351 
1+e, (A,B) 
Proposition 4.1.2 


The distance based similarity measure S n and § 'y with respect to lower and upper approximation of two 
single valued neutrosophic rough sets of A and B satisfies the following properties. 


(i) 0O< S'y(A, B)<1 and O<S'wy(A,B)<1 
(i) S'v(A, B)=1X A=B and S'x(A,B)=1 A=B (17) 
(ii) S'y(A, B)=S'w(B,A) and S'w(A, B)=S'w(B, A) 


(vy ACBCC >S'y(A,C)<S'y(A, B)AS'w(B,C) and S'v(A,C)<S'w(A, B) A S'n(B,C) 
Proof: 


The results (1) — (G1) holds trivially from definition. It is enough to prove only (iv). 


Let us consider three single valued neutrosophic rough sets A , B and C with respect to (U, R) in the universe 
OS | Ki Was A pape x,}. Let AC BCC then we have 


T(3) (x) ST ip) (x) < Tae) (x) A F(a) (x) = Tap) (x) cs La(@) (x) and 
Pal (x) 2 Fagg) (x) = Pre) (x) Vx EU 


A 


K.Mohana, M.Mohanasundari, On Some Similarity Measures of Single Valued Neutrosophic Rough Sets. 


Neutrosophic Sets and Systems, Vol. 24, 2019 18 


Now 

Pea (X= Ts gy ONVSIT 5 3, OO) — Ts @)(x)land 

Decay x)- Ts @ OISITg 3, — Tse (x) will hold. 
Similarly, 


Dis ay x)- Fea) OZ 3) — Tg @,(x)land 


ea @ x)- Ie a Ml2lg a OQ) — Fee Q)! and also 


Lye) = Lp Eee) = Fg, (land 
Peg) CO Fee G2 Fs 3) — Fae (0) holds 
Thus 


d (A, B)<d,(A,C) > S'n(A, B)2S'v(A,C) and 
d,(B,C)<dy(A,C) > S'v(B,C)2S'n(A,C) 
— §'y(A,C)<S'w(A, B)AS'y(B,C) 


This is true for all the distance functions defined in equations (1) to (8) 


Hence the result. 


4.2 Similarity measure based on membership degrees 


Another similarity measure of S *N and S*n between two single valued neutrosophic rough sets of 


A and Bwith respect to lower and upper approximation will be defined as follows: 


Slmin (7 gx ) Tapa} min{ lg 20%) 1 gg (i+ mint Ppa (%). Pam 


S*v(A,B)= 
So lmax (Tas )T gga} max (Tg a ()).1 gaye) P+ max { Fg 9G). Fg mo} 
_— Sin (7, pO) Tz a} min {lz 4) 1g ,)}+ min{ Fz. (). Fz GQ} 
Se CA SB eee 
Yfmax (75,5 (x). Tx (Xi) }+ max {Tz 5 (%,) Tg g(a )}+ max { Fz. (4). Fg (0) 
Example 4.2.1 


From Example 3.2 the similarity measure can be calculated as, 


| Leemin Ts )T ape} min{ lp 20%) 1g q(t mint Fg a(t). Pam} 


S 
7 


S?v( 
Sima t7 ya): T a g(a 4+ max (1.0) Tg qe) }+ max (Fg) Fag 


i=l 


S?v(A, B) =0.7115 
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R(A) R(B) R(A) R(B) R(B) 


Smin( 7, pi) Tz) }+ min {lz 4) 1g ,)}+ min{ Fz. (4). Fz} 
CO) pe 
S(max (7; pT x a) }+ max {Tz 2%). Tg g.(%)}+ max { F304). Fg} 


R(A) R(B) R(A) R(B) R(A) 
S°n(A, B) =0.5349 


Proposition 4.2.2 


The membership degree based similarity measure S*y and S*w with respect to lower and upper approximation of 
two single valued neutrosophic rough sets of A and B satisfies the following properties. 
(i)O0<S°*y(A,B)<1 = ands 0< S*w(A,B)<1 
(ii) S°v(A, B)=1 A=B and S’n(A,B)=1 A=B (18) 
(iii) S’y (A, B)=S’y(B,A) and S°’x(A,B)=S°n(B,A) 
(vy ACBCC >S7y(A,C)<S?n(A, B)AS?y(B,C) and S’n(A,C)<S?n(A, B) A S°x(B,C) 


Proof: The results (1) — (11) holds trivially from definition. It is enough to prove only (iv). 


Let us consider three single valued neutrosophic rough sets A , B and C with respect to (U,R) in the universe 


Sie cers ree. ree x}. Let ACBCC then we have 
Tg(g) (2) ST ig) OD S Tye) OD Taig) 2 Liga) OD = Laie) OD and 
(x) 2 Fey \OyVxeU 


B C 


Pa(a) > Fa 
Now, 
T(3) (x) =+ F(a) (x) ae Frag) (x) > T5(3) (x) =F F(a) (x) a P(e) (x) and 
Tie) (x) wale (x) ae F(a) (x) < Tae) (x) + La) (x) a Pa(a) (x) 
ae ae Tia CO) + Te (A aera Tag Qt Ti (4 0) + Fae Bee ee 
S?y (A, B) == SP > ES es N(A,C) 
Tae) (x) +I. R(B ) x) + F(a) (x) Tae) (x)+I. R(C ) x) ce Fia(z) ) 


Similarly we have, 


Tp) (x)+TI. a(B x) + Fre) (x) = Tix(a) (x)+TI. a(A \@) + Fre) ) and 
Ta) (x) + Lia) (x) a F(a) (x) = Tia) (x) +1. R(é )) or Fae) (x) 


A 


=S*y(A,C 
Te) ( OF ala) ) "ToT, ; + Fyq en 


S°y(B,O)=_ 


— $7 y(A,C)<S?y(A, B) AS? ny (B,C) 


Hence the proof. 
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5 Applications to Medical Diagnosis: 

In this section we present some real life applications of the similarity measure of single valued 
neutrosophic rough sets. Many real life practical problems consist of more uncertainty and incomplete information. 
To deal this problem effectively , rough neutrosophic set helps to deal with uncertainty and incompleteness. 

Let us consider a medical diagnosis problem for the illustration of the proposed approach. Medical diagnosis 1s 


the process of determining which disease or condition explains a person’s symptoms and signs. Diagnosis 1s a challenging 
one which consists of uncertainties and many signs & symptoms are non-specific. To handle this way of problem, rough 
neutrosophic set provided a good way in which several possible explanations are compared and contrasted must be perfomed 
by the method of similarity measure. So similarity measure helps to identify whether two sets are identical or atleast to what 
degree they are identical by using the concept of distance formula and membership function. 

Let us consider the same example which we have discussed in earlier Section 3 in Example 3.2 and apply that 
example to medical diagnosis problem, let U ={ x, , x,, x, }be the universe of patients. Consider the same two SVNS’s A 


and B_ with respect to SVNR’s R, R, ESVNS (U xU ) respectively which is given in Table 1 and Table 2. Let D = 


{ Viral fever, Malaria, Typhoid} be the set of diseases and also R, ; R, denotes the relation between the patients and diseases 


of the SVNS’s A and B respectively. 
Hence, this section provides relative study among similarity measures proposed in this paper. The comparision 


study of similarity measures based on different distances formulae and membership degree is given in Table 3 in 
detail. 


R(A)(x,)=(0.4,1,0.3) and — R(A)(x,)=(0.3,0.6,0.4) 
Similarly we can obtain, 


R (A) (x,)=(0.4,1,0.3) and  R(A)(x,)=(0.3,0.4,0.4) 
(A) (x,)=(0.3,0.3,0.6) 


2 


R (A) (x,)=(0.6,0.4,0.5) and 
R (B)(x,)=(0.5,0.8,0.2) and — R(B)(x,)=(0.5,0.3,0.5) 
R (B)(x,)=(0.3,0.8,0.5) and R(B)(x,)=(0.5,0.4,0) 
R (B) (x,)=(0.2,0.3,0.4) and — R(B)(x,)=(0.5,0.3,0) 


Table 3: Similarity values 


Similarity measure S, (A,B) S— (A,B) 
based on = 


Hamming distance 4 


i 
Normalized hamming | 0.8572 
distance 
e 


0.3333 


0.8182 


Euclidian distance 0.6351 0.5376 


Normalized uclidian | 0.8392 0.7638 


distance 


Membership degree 0.7115 0.5349 


In Table 3 S$ y(A,B ), S.(A,B ) denotes the similarity lower and upper approximation measure of the two 





single valued neutrosophic rough sets respectively. In practical it represents the lower and upper approximation 
similarity measures between patients and diseases of two single valued neutrosophic rough sets.That is through 
hamming distance the similarity lower and upper measure between patients and diseases of two single valued 
neutrosophic rough sets A and B will be 0.4 and 0.3333 respectively. 
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Table 3 represents that each method has its own way to calculate the similarity measure and also any method can 
be preferrable to calculate the similarity measure between two single valued neutrosophic rough sets. 


6 Conclusion 


Single valued neutrosophic set (SVNS) is an instance of NS and it is an extension of fuzzy set and IFS. Compare to 
previous traditional models like fuzzy set, IFS, NS, crisp set , 1t provides more precise, compatible and flexible in comparison. 
By combining the concept of SVNS with rough set a new hybrid model of single valued neutrosophic rough set was introduced 
and now-a-days it is a very new hot research topic. In this paper we have defined the notion of similarity between two single 
valued neutrosophic rough sets based on distance formulae and membership degrees. We have also studied some properties on 
them and proved some prepositions and a numerical example is given in medical diagnosis for the proposed similarity measure 
concept. 
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Abstract. Blockchain Technology (BCT) is a growing and reliable technology in various fields such as developing business 
deals, economic environments, social and politics as well. Without having a trusted central party this technology, gives the 
guarantee for safe and reliable transactions using Bitcoin or Ethereum. In this paper BCT has been considered using Bitcoins. 
Also Blockchain Single and Interval Valued Neutrosophic Graphs have been proposed and applied in transaction of Bitcoins. 
Also degree, total degree, minimum and maximum degree have been found for the proposed graphs. Further, comparative 
analysis is done with advantages and limitations of different types of Blockchain graphs. 


Keywords: Blockchian Technology, Bitcoins, Fuzzy Graph, Neutrosophic Graphs, Properties 


1. Introduction 


A completely peer-to-peer form of electronic cash will permit payments through online and direct 
transaction can be done from one participant to another without facing any financial organization. If a central 
party wants to avoid double-spending then the main gain will be lost even though digital signatures contribute 
part of the solution. This issue was the reason of bargain a solution to this problem based on peer-to-peer 
network. For direct transaction of two willing parties without having a trusted third party, an electronic system 
using cryptographic proof (signaling code) can be used. Fuzzy logic is introduced by Zadeh to deal uncertainty 
of the problem. Fuzzy graphs are playing an important role in network where impreciseness exists on the vertices 
and egdes. Yeh and Banh also proposed the fuzzy graph independently and examined various connectedness 
theories [1-4]. 

The universal problems namely sustainable development or transformation of assets can be dealt 
effectively by Block chain technology than the existing financial systems. The financial sector acquires in 
various operative costs for the smooth and effective functioning of the entire system. These costs consist of time 
and money needed for investment in framework, electricity cost spent for operation and from Automated Teller 
Machines, consumption of water and gas by the employees and wastage production. 

Also there is no possibility of creating fiat currency without costs. In order to give assurance in a 
regular basis in the quality standards for the bank notes in circulation, the used ones are shredded. To find an 
overview of the overall cost of an existing financial system, the cost for the production of coins and noted will be 
included. Whereas in BCT, one needs only to connect to the network and do not obtain the electricity cost for 
any source. Also the production of the crypto currency (a digitalized currency, where encoding method is applied 
to control the production of currency and funds transference verification) [5-7]. 

Platforms of Central banking, improvement of business processing, automotive ownership, sharing of 
health information, deals and voting can be potentially replaced by Block chain Technology. BCT plays an 
important role, in political components namely governmental interference, control leadership and taxation. Also 
BCT is very useful in Exchange rates of currency market growth and monetary as an economic component. BCT 
is very helpful in social components namely environmental situation, culture, behavior of the customer and 
demand. In the same way, BCT has a potential action in modern technologies and tendency [8-9]. 

BCT permits an emerging set of participants to continue with a secure and alter—proof ledger for all the 
activities without having a third trusted party. Here, transactions are not actually documented but instead, every 
participant keeps a provincial copy of the ledger which is a related listing of blocks and they comprise agreed 
transactions [19]. Nagoorgani and Radha introduced the concept of degree of fuzzy vertex. A crypto currency is 
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nothing a Bitcoin which is a universal payment system and also the initial decentralized digital currency since 
the system works without a single administrator or central bank. Bitcoins made as a payment for a process called 
mining and can be exchanged for different currencies. Nakamoto and Satoshi were introduced the concept of 
Blockchain and applied as an important component of Bitcoin where it act as a public ledger for all the 
transactions. To solve double-spending problem, Blockchain for the Bitcoin has been an appropriate choice 
without the help of trusted third part as a central server. Block chain transactions will be done on the 
interchangeable ledger data saved at every node [42]. 

A Blockchain network can be seen as a reliable computer whose private states are auditable by anyone. 
A ledger of transactions may call as a Blockchain. Generally a physical ledger will be maintained by a 
centralized party whereas in Blockchain is a distributed ledger which locates on the device of every participants. 
Bitcoins are believable and best used [40, 45]. A Fuzzy Set (FS) can be described mathematically by assigning a 
value, a grade of membership to every desirable person in the universe of discourse. This grade of membership 
associates a degree for the participant is either identical or appropriate to the approach performed by FS. A fuzzy 
subset of FS, X is a function from membership to non-membership and is defined by 77: X —> [0,1] continuous 


rather than unexpected. Fuzzy relationships are popular and essential in the fields of computer chains, decision 
making, neural network, expert systems etc. Direct relationship and also indirect relationship also will be 
considered in graph theory. 

Model of relation is nothing but a graph which is a comfortable way of describing information about the 
connection between two objects. In graph, points and relations are defined by vertices and edges respectively. 
While impreciseness exists in the statement of the phenomenon or in the communication or both, fuzzy graph 
model can be designed for getting an optimized output. Maximizing the Utility of the application is always done 
by the researchers during the constructing of a model with a key characteristics reliability, complexity and 
impreciseness. Among these, impreciseness is a considerable one in maximizing the utility of the technique. 
This situation can be described by fuzzy sets, introduced by Lotfi. A. Zadeh [24, 25]. 

Zadeh formulated, grade of membership in order to handle with impreciseness. Atannasov introduced 
intuitionistic fuzzy set by including the grade of non-membership in FS as a separate element. Samarandache 
introduced Neutrosophic set (NS) by finding the membership degree of indeterminacy, it can be viewed from the 
logical point of view as a self-ruling component to handle with uncertain, undetermined and unpredictable data 
which are exist in the real world problem. The NSs are defined by the membership functions of truth, 
indeterminacy and falsity whose values take from the real standard interval. Wang et al. proposed the theoretical 
concept of single-valued Neutrosophic sets (SVNS) and Interval valued Neutrosophic Sets (IVNSs) as well [26- 
34]. 

If uncertainty exists in vertices or edges set or both then the structure turns into a fuzzy graph. It can be 
established by taking the set of vertices and edges as FS, in the same way one can model any other types of fuzzy 
graphs [21-15, 32].Graph theory defines the relationship between various individuals and has got many number 
of applications in different fields namely database theory, modern discipline and technology, neural networks, 
data scooping cluster analysis, knowledge systems image capturing and control theory. Handling Indeterminacy 
on the object or edge or both cannot be handled fuzzy graphs and hence Neutrosophic graphs have been 
introduced. [44, 47-48]. 

A new perspective for neutrosophic theory and its applications also proposed [49]. There are many 
methods have been proposed under single valued neutrosophic, interval valued neutrosophic and neutrosophic 
environments by colloborating with other methods such as TOPSIS, DEMATEL, VIKOR. Also all these hybrid 
and extension methods applied in the process of decision making. Further, NS-cross entropy, hyperbolic sine 
similarity measure, hybrid binary algorithm similarity measure method and single-valued co-neutrosophic graphs 
play an important role in decision making. In fuzzy graph all the edges are represented by fuzzy numbers and 
that may be interval valued fuzzy number also. Whereas in neutrososphic graph the edges are represented by 
single valued neutrosophic numbers [50-62]. 

The remaining part of the paper is organized as follows. In section 2, review of literature is presented. 
In section 3, basic concepts related to the presented work is given. In section 4, Blockchain single valued and 
interval valued neutroosphic graphs are proposed and applied for Bitcoin transaction. Also degree, total degree, 
minimum and maximum degree have been found. In section 5, qualitative analysis has been done with the 
limitations and advantages of various types of graphs. In section 6, conclusion of the paper is given with the 
future work. 


2. Review of Literature 
[Yeh and Bang 1] proposed fuzzy relations, fuzzy graphs and applied them in cluster analysis. [Satoshi 


2| presented a solution for the problem of double-sending using a peer-to-peer network. [Leroy 3] portrayed the 
evolution and proof of linguistic care of an accumulator back-end. [Dey et al.4] have done a vertex colouring of 
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a fuzzy graph. [Dey et al. 5] applied the concept of fuzzy graph in light control in traffic control management. 
[Ober et al. 6] proposed a model and obscurity of the Bitcoin transaction graph. [Decker and Wattenhofer 7] ex- 
amined about knowledge reproduction in the network of Bitcoin. [Fleder et al. 8] linked bit coin public keys to 
real people and commented about the public transaction graph and hence done a graph analysis scheme to find 
and compiled activity of known as well as unknown users. 

[Stanfill and Wholey 9] proposed a transactional graph on the basis of computation with error manage- 
ment. [Ye 10] proposed aggregation operators under simplified neutrosophic environment and applied them in a 
decision making problem. [Biswas et al. 11] introduced a new methodology for dealing unknown weight infor- 
mation and applied in a decision making problem. [Biswas et al. 12] proposed grey relational analysis based on 
entropy under single valued neutrosophic setting and applied in a decision making process with multi attribute. 

[Mondal and Pramanik 13] introduced a model for clay-brick selection based on grey relational analysis 
for neutrosophic decision making. [Mondal and Pramanik 14] proposed neutrosophic tangent similarity measure 
and applied in multiple attribute decision making. [Biswas et al. 15] introduced cosine similarity measure with 
trapezoidal fuzzy neutrosophic numbers and applied in a decision making problem. [Broumi et al. 16] introduced 
an extended TOPSIS methodology using interval neutrosophic uncertain linguistic variables. [Greaves and Au 
17] investigated the prognostic power of Blockchain network using lineaments on the future price of Bitcoin. 
[Pilkington 18] clarified the main ethics behind block chain technique and few of its application of cutting edge. 


[Bonneau et al. 19] Analyzed invisibility problems in Bitcoin and contribute an evaluation plan for pri- 
vate- enlarging proposals and contributed a new intuition on language disintermediation protocols. 
[Smarandache and Pramanik 20] introduced a new direction for neutrosophic theory and applications. [Biswas et 
al. 21] proposed TOPSIS methodology under single-valued neutrosophic setting for multi-attribute group deci- 
sion making. [Biswas et al. 22] proposed aggregation operators for triangular fuzzy neutrosophic set information 
and used for a decision making problem. [Biswas et al. 23] introduced a ranking method based on value and am- 
biguity index using single-valued trapezoidal neutrosophic numbers and its application to decision making prob- 
lem. [Eyal et al. 24] designed a block chain protocol called Bitcoin —-next generation. [Broumi et al. 25] intro- 
duced operational laws on interval valued neutrosophic graphs. 

[Broumi et al. 26] proposed the formulas to find degree, size and order of a single valued neutrosophic 
graphs. [Pramanik et al. 27] proposed hybrid similarity measures under neutrosophic environment and applied 
them in decision making problem. [Dalapati et al. 28] introduced IN-cross entropy for interval neutrosophic set 
environment and applied in multi attribute group decision making process. [Broumi et al. 29] proposed uniform 
single valued neutrosophic graphs. [Cocco et al. 30] paid attention at the threats and opportunities of carrying out 
Blockchain mechanism across banking. [Jeoseph et al. 31] reviewed the approval and future use of block chain 
technology. 

[Chan and Olmsted 32] proposed a design for prevailing transactions from Ethereum into a graph data- 
base namely leveraging graph computer. [Ill|gner 33] proposed a blockchian to fix all Blockchains. [Swan and 
Filippi 34] explained about the philosophy of Bockchain technology. [Banuelos et al. 35] proposed an advanced 
method to implement business developments on top of commodity Blockchain technology. [Dinh et al. 36] sur- 
veyed the case of the art targeting on private Blockchain where the parties are authenticated. [Desai 37] analysed 
industry application and have legal perspectives for Blockchain technology. [Jain et al. 38] analyzed asymmet- 
rical associations using fuzzy graph and finding hidden connections in Facebook. [Raikwar et al. 39] proposed a 
framework of Blockchain for insurance processes. 

[Ramkumar 40] proposed Blockchain integrity framework. [Hill 41] presented a review on Blockchain 
[Arockiaraj and Charumathi 42] introduced the Blockchain fuzzy graph and its concepts and properties. [Hala- 
burda 43] answered for the question, Blockchain transformation without the Blockchain. [Gupta and Sadoghi 44] 
explained about Blockchain process in detailed manner. [Ramkumar 45] accomplished large scale measure in 
Blockchian. [Asraf et al. 46] proposed Dombi fuzzy graphs. [Marapureddy 47] introduced fuzzy graph for the 
semi group. [Quek et al. 48] introduced a few of the results for complex Neutrosophic sets on graph theory. 
[Smarandache and Pramanik 49] introduced a new perspective to neutrosophic theory and its applications. 

[Basset et al. 50] proposed an extended neutrosophic AHP-SWOT analysis for critical planning and de- 
cision making. [Basset et al. 51] proposed association rule mining algorithm to analyze big data. [Basset et al. 
52] introduced Group ANP-TOPSIS framework under hybrid neutrosophic setting for supplier selection problem. 
[Basset et al. 53] presented a hybrid approach of neutrosophic sets and DEMATEL method to enhance the crite- 
ria for supplier selection. The same authors presented a series of article[63-69]. ([Pramanik et al. 54] proposed 
NS-cross entropy under single valued neutrosophic environment and applied ina MAGDM problem. [Biswas et 
al. 55] proposed neutrosophic TOPSIS method and solved group decision making problem. 

[Pramanik and Mallick 56] proposed VIKOR method using trapezoidal neutrosophic numbers and 
solved MAGDM problem using proposed method. [Biswas et al. 57] solved MADM problem by introducing dis- 
tance measure using interval trapezoidal neutrosophic numbers. [Biswas et al. 58] introduced TOPSIS strategy 
for solving MADM problem with trapezoidal numbers. [Biswas et al. 59] solved MAGDM problem using ex- 
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pected value of neutrosophic trapezoidal numbers. [Mondal et al. 60] introduced hyperbolic sine similarity 
measure based MADM strategy under single valued neutrosophic environment. [Mondal et al. 61] proposed hy- 
brid binary algorithm similarity measure under single valued neutrosophic set assessments for MAGDM problem. 
[Dhavaseelan et al. 62] proposed single-valued co-neutrosophic graphs. 

The above literature survey motivated to propose Blockchain single and interval valued Neutrosophic 
Graphs and applied them in Blockchain technology using Bitcoins. 


3. Basic Concepts 
Some basic concepts needed for the proposed concepts and their application, are listed below. 


3.1 Bitcoins [40] 


Bitcoin 1s the digital currency and worldwide payment system and are believable and best used when, 
e There are a series of transaction 
e Need to be recorded 
e Need to be verified with respect to purity of the information and the order of the events. 


3.2 Blockchain [42] 


A Blockchain is a network and can be seen as a reliable computer whose private states are auditable by anyone. 
It can also be defined as follows. 

e Cryptographic approach for modeling an unalterable append-only public ledger 

e Itincludes a methodology for obtaining an open general agreement on each entry 

e Ledger entries are mappings of the states of processes by the Blockchain network. 


Uses of Blockchain 
e A uniform approach to execute a variety of application processes 
e =Reliable and efficient Low upward approaches for stakeholders/users namely states with query applica- 
tion and audit correctness of changes of states. 


3.3 Graph [46] 


A mathematical system G=(V,£) is called a graph, where a vertex set is V=V(G) and an edge set is E=E(G). In 


this paper, undirected graph has been considered and hence every edge is considered as an unordered pair of 
different vertices. 


3.4 Fuzzy Graph [47] 


Consider a non-empty finite set V , Abe a fuzzy subsets on V and 6 be a fuzzy subsets on Vx V .A fuzzy graph is 
a pair G=(A,5) over the set V if 6(a,b)<min{A(a),A(b)} for all(a,b)eVxV where jis a fuzzy vertex and dis a 


fuzzy edge. Where: 
1. A fuzzy subset is a mapping 2: V>[0,1]of V . 


2. A fuzzy relation is a mapping 5:VxV—>[0,1] on Aof V if 5(a,b)< min{A(a),A(d)} 
3. If 6(a,b)=min{A(a),A(b)! then G is a strong fuzzy graph. 


3.5 Blockchain Fuzzy Graph (BCFG) [42] 


The pair G=(4,6) is a BCFG, where 1 is a fuzzy vertex set and 6 is symmetric on A such 
that 6(a,b)< min {A (a), A(b)}, V a,beV with the following criterion. 


) 
1. If ix jthen S*) 5(a;,b;)<min(a(a,),(b;)) |=1 
2. If ix jthen > (a: bj) <max(A (a;).2(b;))|=1 
3. If i= fthen }') 5(a;,b;) <min(2(a,),A(b;)) |=0 
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3.6 Single Valued Neutrosophic Graph (SVNG) [26] 


A pair G =(R,S) is SVNG with elemental set V . Where: 
1. Grade of truth, indeterminacy and falsity memberships of a;¢V are defined by Tp —_ 1], 
Ip: V [0,1] and Fr: V [0,1] respectively and 0<Tp(a;)+Ip(a;)+FRr(q;)<3, Va; ¢V,i=12,3... 
2. The above three memberships of the edge (a;,b;)<E are denoted by enaner 
Iy:ECVxV>[0,1]and Fs :Ec¢ Vx V [0,1] respectively and are defined by 
© T5({a;,b;})<min| Tp (a;),Tr(b;) | 
© Is({a;.b;}) = max] Tp (a;).1e(b;) | 
© Fs({a;.b;}) = max| Fe (a;), Fr (b;) | 
where 0 <7; ({a;,b;})+ 1s ({a;.b;})+ Fs ({a;.b;})<3,V{a;,.b;} €E(i jf =1,2....n)- 


Also Rand S are the single valued Neutrosophic vertex and edge set of V and E respectively. S is symmetric 
on R. 


3.7 Interval Valued Neutrosophic Graph (IVNG) [25] 


A pair G=(R,S) is IVNG, where R= (rete | [tee |. Fee |) , is an IVN set on V _ and 
S= (re.78 ] | rE, rae FE, FY ) is an IVN edge set on E satisfying the following conditions: 


1. Here the lower and upper memberships functions of 4a¢€V are defined 
by Tr :V [0,1], Te :V [0.1], 7: V [0.1], Ze :V>[01] andr k:v [ot], FR :V [0,1] respective- 
ly and 0<Tp(a;)+Ip(a;)+ Fp (a; )<3, Va; € V,i=1,2,3,....0 

2. And the same for edge (q;,b;)<E are denoted by 7: Vx V >[0,1], Ty :VxV [0,1] If: VxV > [0,1], 


i -VxV-> 


c— 
& 


1Jand 7 -VxV> ” 1], 7 : Vx V [0,1] respectively and are defined by 


 ) 

a 
On 
NN 


e@ 
Fi 
ire 


min [Te (4)).TR (b 
EE i IR(b (o;)| 
_ 1) mex( 1 (a; ). he (o;)| 
e Fe ({ aj. b;\)> | Fe ( Fx (b;) | 
({4;-b;})=m [i ” Fe (b;) | 
where 0 <5 ({a;,b;})+Is({a;.b;}) + Fs ({a;.b)}) <3,v{a,,.b;} @R (i,j =1,2,...n)- 


Also R and S are the interval valued Neutrosophic vertex and edge set of V and E respectively. S is symmetric 
on R. 


e 
~ 


e 
— 
len mAs 


e FY 


4. Proposed Concepts 


In this section, Blockchian single valued neutrosophic graph is proposed and applied in Blockchain 
technology with Bitcoin transaction. 


4.1 Blockchain Single Valued Neutrosophic Graph (BCSVNG) 


A pair G=(R,S)is BCSVNG with elemental set V . Where: 
1. Tr:V—>[01], Ip: V—[0,lJand Fr: V—[0,1] and 0<Tp(x;)+Jp (4; )+ Fr(j) $3, Vx € Vii = 12,3... 
2. Ts:EcCVxV>[0,1], Zy:ECVxV-[0,1] and Fs:EcVxV- [0,1] are defined by 
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Case (i): If i+ jthen 
IES (59) = min] 7 (%;).Te(¥;) }| =] 
Dis (3-9;) > max| Ze(%;).le(¥;) ]| =1 
DIE (eos )e max| Fe(4;).Fe(;) | =] 


Case (11): If i= j then the above values are 0. 
Where, 0< Ts ({x:.9;t] +I ({x:.9;}] + Fy ({x:.9;}] < 3,V{xi.y;} E E(i, j = 1 Dyas) 


Also R is a single valued Neutrosophic vertex of V and S is a single valued Neutrosophic edge set of E. S is a 
symmetric single valued Neutrosophic relation on R. 


4.1.1 Blockchain Single Valued Neutrosophic Graph in Bitcoin Transaction 


Let us consider there are 4 persons in the Blockchain and everyone is doing a transaction using Bitcoin 
and they are saving 40% and investing the remaining 60% in Bitcoin. 


Vv, (0.8,0.2,0.1) v> (0.7,0.3,0.2) 


Vv, (0.9,0.2,0.1) V; (0.8, 0.4, 0.2) 
Figure 1: BCSVNG 


Party 1: investing 20 lakhs and doing 3 transactions 

Party 2: investing 15 lakhs and doing 3 transactions 

Party 3: investing 10 lakhs and doing 3 transactions 

Party 4: investing 5.5 lakhs and doing 3 transactions 

For example, assume that the party-1 (v1) has the total amount of 20 lakhs, from this he is saving 40% and invest 
the remaining 60% as Bitcoins for his crypto currencies. 


The following are the transactions of Party-1: 
Transaction 1: Party-1 to Party-2 : (4, to v,) 


(0.7,0.3,0.2) x 12,00, 000 


(1 —(1-Tp ‘i ),( —(1-Tp i ),( —(1-Tp ys ) , k >O(any arbitrary number) [10] 


| 
(1 (is 1 hemes ),( =e Ne) ia ),( me 1) haa ) 
(1 ae io ),( (it: fe) pees ),( “(2 Qe ) 


=U) 
Similarly for other transactions namely 


Transaction 2: Party-1 to Party-3 : (1, to v3) 
Transaction 3: Party-1 to Party-4 : (, to v,) 
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All the possible transaction are listed out in Table | with the sum value of each row. 


ae (0.8,0.2,0.1) | (0.7,0.3,0.2) | (0.8,0.4,0.2) | (0.9,0.2,0.1) 
a a ee 


-Fresman fx [0 | eansnony | (osnaina ia 
—Freraanay [ Pieanamna[ 0 | @anmas a 


rf (oxoao2) |» | (oa0auoa) | oaoazos | 0 | (0305403) | (ua 
ee (0.9,0.2,0.1) (0.3,0.21,0.3) | (0.2,0.25,0.4) | (0.3,0.54,0.3) _ @ | (1,1,1) 





Table 1: Transaction Table for BCSVNG 


Where sum= “0, Vv, 


4.1.2 Properties of Blockchain Single Valued Neutrosophic Graph 


In this section, degree, total degree, minimum and maximum degrees are found for Blockchain Single Valued 
Neutrosophic Graph. 


(i). Degree of Single Valued Neutrosophic Graph (SVNG) 


d(y)=(dr(4),47(4).4r (4) [26] 
= (11,1) 


Where, dr (1) = Ts (v,,V2)+Ts (11,13) +Ts (1,,V4) -—0.44+0.34+0.3=1 


dp(v)=F 5 (4j.¥2) + Fs (4.73) + Fs (v.¥4) =0.34+0.440.3=1 
Similarly d(vy)=(dy(v2),d;(v2),dp(v2)) =(LL1) 
d(v3)=(dr(v3)-4r(¥3).de (v3)) = (LI) 
d (v4) =(dp (v4)-d4(v4).de (v4)) = (11.1) 
And > 4%) = ae Ts (n.v,;),2 >, Is (v.v,).2>) Fs (v.¥, 


= (2(1).2(0).2(1))=(2.2.2) 
(ii). Total Degree of SVNG 
td(v;)=(tdr(v es ;) std (v;)) om 
Where td; (v — VieV;)+Tp ( 
tdr (Vv, ) Sn VpoV i)+Tr 


td, ( vy) => Is( Vj.V i)+Ir 


tdp (4) = >) Fs (v.v;) + Fe(4)) =140.1=1.1 


1+0.8=1.8 


re 


y) = 
) 


=14+0.2=12 


ee 


al 
( 

Therefore, sits ivolsis v).td; (v,) td (v,)) = (1.8,1.2,1.1) 

Similarly, td(v.)=(tdr(v2),td;(v2),tdp (v2)) =(1.7,1.3,1.2) 
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td (v3) = (tdr (v3).td; (v3).tdp (v3 )) = (1.8,1.4,1.2) 
td (v4) =(tdy (v4),td;(v4),td p (v4)) = (1.9,1.2,1.1) 


(iii). Minimum degree of SVNG 


It is €(G) =(&-(G),é,(G),é-(G)), where 
&-(G)=min{d;(v)/veV}, é (G)=min{d,(v)/ve V}and E-(G)=min{d-(v)/veV} [15] 


For the Fig. 1, 
&-(G)=min{d,(v)/veV}=1 
&,(G)=min{d;(v)/veV}=1 
&-(G)=min{d-(v)/veV}=1 


(iv). Maximum degree of SVNG 


It is defined by 7(G) = (77 (G).7;(G),7¢ (G)), where 

nr (G)= max {dy (v)/ve Via (G)= max {dy (v)/ve Ving (G)= max {dp (v)/ve v} [26] 
For the Fig. 1, 

nr (G) =max{d7(v)/veV}=1 
Ny (G) = max {d; ( v)/veVt=1 

eiiicmatek \/v ev} 
For the Fig. 1, 

nr (G) = max {d7(v)/v € v} =n (G)= max {dy (v)/ve v} =n (G)= max {dp (v)/ve v} =] 


] 


4.2 Blockchain Interval Valued Neutrosophic Graph (BCIVNG) 


A pair G=(R,S) is BCIVNG, where R= ((rh78 |.[ 78.78 |. ek 8 }) , is an IVN set on V and 
s=([TF.7Y [as eh || Fe: FY ) is an IVN edge set on E satisfying conditions | and 2 as in the definition of 


IVNG and with the following criterions. 


Case (1): If iz j then 


Case (ii): If 1 = j then the above six values are 0. 


Where 0<T; ({x:.9,}) +7 ({x:.9;}) + Fs ({x:.,; |] <3,V{x;,y;} e E(i, j =1,2....,n) 
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Also R is an interval valued Neutrosophic vertex of V and S is an interval valued Neutrosophic edge set of E.S 
is a Symmetric interval valued Neutrosophic relation on R. 


4.2.1 Blockchain Interval Valued Neutrosophic Graph in Bitcoin Transaction 
Let us consider there are 3 persons in the Blockchain and everyone is doing a transaction using Bitcoin and they 


are saving 40% and investing the remaining 60% in Bitcoin. 
v, ([0.5,0.7],[0.2,0.3],[0.1,0.3]) 


Vv 


({0.4,0.6],[0.1,0.3],[0.2,0.4]) ({0.6,0.7].[0.2,0.4].[0.1,0.3]) 
Figure 2: BCIVNG 
Party 1: investing 20 lakhs and doing 2 transactions 
Party 2: investing 15 lakhs and doing 2 transactions 


Party 3: investing 10 lakhs and doing 2 transactions 


For example, assume that the party-1 (v1) has the total amount of 20 lakhs, from this he is saving 40% and invest 
the remaining 60% as Bitcoins for his crypto currencies. 


The following are the transactions of Party-1: 


Transaction 1: Party-1 to Party-2: (1, to v, ) 
([0.6,0.7],[0.2,0.4],[0.1,0.3]) x12,00,000 


: {[1-(-78) a-(i-rg) |) (1) (08) | (FEY (Fe | [25] 
= ie 7 (1 _ 1 Wasa 1- (1 7 Ne) waded (O) aaa (0.4) 7 |) (0. eo (0.3) | 
= iE ~(0. apy eee 1-(0. ae (0. ye (0. Veal (0. ioe (0. oreo 


= {[1-0,1-0],[0,0],[0,0]} 
= {{1.1],[0,0],[0,0}} 


Transaction 2: Party-1 to Party-3: (1, to v3) ={[1,1],[0,0],[0,0]} 
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Table lrepresent all possible transactions from one vertex to all other verteices. Here edge represents the 
transaction and the vertex represents the parties. 


({0.5,0.7], ({0.6,0.7], ({0.4,0.6], 
[0.2,0.3], [0.2,0.4], [0.1,0.3], 
[0.1,0.3]) [0.1,0.3]) [0.2,0.4]) 


({0.217,0.283], | ([0.281,0.282], 
[0.211,0.289], [0.198, 0.199], 
[0.302,0.313]) [0.208, 0.209]) 
({0.217,0.283], ({0.28,0.283], 
[0.211,0.289], [0.197,0.198], 
[0.302,0.313]) [0.208,0.209]) 
({0.281,0.282], | ([0.217,0.283], 
[0.198,0.199], [0.302,0.313], 
[0.208,0.209]) | [0.292,0.302]) 





Table 2: Transaction Table for BCIVNG 
From table 1 and table 2 it is observed that sum of all single /interval valued Neutrosophic edges of a particular 
Neutrosophic vertex is equal to (1, 1, 1). Hence the proposed method is an optimized one to deal indeterminacy 
of the data in Bitcoin transaction. 


5. Comparative Analysis (Qualitative) 


Blockchain approach has been applied in various fields as a growing technique. Here the advantages and 
limitations are listed out for Blockchian crisp, fuzzy and Neutrosophic graphs. This analysis will be very useful 
to understand the concept of Blockchian under different environments. 


Type of Blockchain Graph Advantages 


Blockchian Crisp Graph e Faster Process with purity e Unable to handle uncertain- 
and detectable ties 
e Process clarity e Size of the network will de- 
e Data will be permanent cide the security level 
Blockchain Fuzzy Graph e Can handle uncertainty ex- Incapable to handle inde- 
ists in the vertex and edge terminacy of the data and 
sets interval data 


Invariable data Large network will give 
more level of security 
Blockchain Interval Valued e Can able to deal with data in Inadequate to handle unde- 
Fuzzy Graph terms of range termined data 


Blockchain Single Valued e Able to handle indetermina- Unfit to handle interval data 
Neutrosophic Graph cy of the data 


Blockchain Interval Valued e Capable to handle interval e Unsuited to handle criterion 
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Neutrosophic Graph data as the participant’s de- insufficient information of 
cision 1s always lie in a the weights. 


range. 


6. Conclusion 

Reliability and assurance of the dealing is very important for any business transaction. Blockchain 
technology is such a technology and recently it 1s widely applied in many fields. In any field uncertainty is 
unavoidable one as the human behavior always uncertainty in nature. Also indeterminacy does not deal in any 
area field of mathematics whereas Neutrosophic set deals indeterminacy and hence an optimized solution can be 
obtain for any problem. In this paper Blockchain network has been used in terms of Bitcoin transaction where 
the vertex and edges have been considered as single and interval valued Neutrosophic sets. Also the degree, total 
degree, minimum and maximum degree have been found for the proposed Blockchain single valued 
Neutrosophic graph. In addition to this, contingent study has been done for various types of Blockchain graphs. 
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1 Introduction 


The concept of Neutrosophic set, first introduced by Smarandache [17],1s a powerful general formal framework 
that generalizes the concept of fuzzy set and intuitionistic fuzzy set. Recently, many researchers have been 
involved in extending the concepts and results of abstract algebra to the broader framework of the neutrosophic 
set theory[2, 3, 4, 5, 19]. Smarandache[17] and Wang et al.[18] introduced the concept of a single valued 
neutrosophic set as a subclass of the neutrosophic set and specified the definition of a neutrosophic set to make 
more applicable the theory to real life problems. In 1992, B. M. Schein have considered systems of the form 
(®; 0, \) [16], where © is a set of functions closed under the composition “o” of functions (and hence (®; 0) 
is a function semigroup) and the set theoretic subtraction “‘\”’ (and hence (®; \) is a subtraction algebra in the 
sense of [1]). Jun et al. introduced the concept of ideal in subtraction algebras and continued studying on 
ideals in subtraction algebras[6, 8, 9, 14]. K. J. Lee and C. H. Park [11] introduced the concept of a fuzzy 
ideal in subtraction algebras and investigated some conditions for a fuzzy set to be a fuzzy ideal in subtraction 
algebras. Since then many reseachers worked in this area[7, 10, 12, 13]. 

In this paper, we apply the notion of neutrosophic sets in subtraction algebras. Also, we introduce the notion 
of neutrosophic ideal and give some conditions for a neutrosophic set to be a neutrosophic ideal in substraction 
algebras. Finally,we showed that neutrosophic image and neutrosophic inverse image of neutrosophic ideal are 
both neutrosophic ideal under certain conditions 


2 Preliminaries 


We review some definitions and properties that are necessary for this paper. 


Definition 2.1. [1] An algebra (X, —) is called a subtraction algebra if a single binary operation — satisfies the 
following identities: for any x,y,z € X, 


(SAl) «-(y-—2)=2, 
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(SA2) «—(¢#-y) =y—(y—2), 
(SAB) = (2 ae) ey, 


We introduced an order relation X on a subtraction algebras: a < 6b & a—b =O, where 0 = a — ais an 
element that does not depend on the choice of a € X. 


Proposition 2.2. [9] Let (X, —) be a subtraction algebra. Then we have the following axioms: 

(SP1) (w@—y)-y=2-y, 

(SP2) x -O=2z and0-—-2z =), 

(SP3) («1 —y) -—2 = 0, 

(SP4) x—(a@-—y) <y, 

(SP5) (cx—y)-—(-a)=4-y, 

(SP6) x —(x-—(x-y))=2-Y, 

(SP7) (cw -—y)-—(z-y) <4-z, 

(SP8) x < yif and only if x = y — w for some w € X, 

(SP9) « < yimplies x — z < y—zandz—y<z-—~sforallz € X, 
(SP10) x,y < zimplies x —y = 2 A(z—y), 
(SP11) (a@Ay)—(@#Az)<aA(y— 2), forall x,y,z € xX. 


Definition 2.3. [9] A nonempty subset A of a subtraction algebra X is called an ideal of X, denoted by A <_X, 
if it satisfies: 


(Sl) a—x€ Aforalla € Aandx Ec X, 
(SI2) for all a, 6b € A, whenever a V b exists in X thena V b€ A. 


Proposition 2.4. [9] Let _X be a subtraction algebra and let x,y € X. If w © X is an upper bound for x and y, 
then the element 


zVy:=w— ((w—y)—2) 


is a least upper bound for x and y. 

Definition 2.5. [11] A fuzzy set in X 1s called a fuzzy ideal of X if it satisfies: 
(SFI1) p(x — y) = pe), 
(SFI2) Sa Vy => wavy) > min{ p(x), u(y)}) for all z,y € X. 


We give some preliminaries about single valued neutrosophic sets and set operations, which will be called 
neutrosophic sets, for simplicity. 
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Definition 2.6. [18] Let X be a space of points (objects), with a generic element in X denoted by z. A single 
valued neutrosophic set A on _X is characterized by truth-membership function ¢ 4, indeterminacy-membership 
function 7,4 and falsity-membership function f,. For each point x in X,t,(x),i4(x), fa(x) € [0, 1]. A neutro- 
sophic set A can be written as denoted by a mapping defined as A : X —> [0,1] x [0,1] x [0,1] and 


A= i TAAL) state), Ae) ered ban con XxX} 


for simplicity. 


Definition 2.7. [15, 18] Let A and B be two neutrosophic sets on _X. Then 

(1) A is contained in B, denoted as A C B, if and only if W(x) < p(x). ie., ta(x) < ta(x),t4(a) < 
ip(x) and f4(x) > fp(x). Two sets A and B is called equal, i.c., A= Biff AC Band BC A. 

(2) the union of A and B is denoted by C = AUB and defined as Wo(x) = W4(x)V-Vp(x) where W%4(x)V 
Ne(x) = (ta(v)Vtp(x),t4(2)Vip(a), fa(x)Afe(x)), foreachx € X.ie., to(x) = max{t,(x),tp(x)},ic(x) = 
max{?4(),ip(x)f and fo(x) = minq fa(x), fa(x)}. 

(3) the intersection of A and B is denoted by C = AN B and defined as Vo(x) = Wa(x) A Vp(x) 
where14(2) NW AWe(e) = (ate) Nita ),24( 0). ate), fale) V Je(@));- for each @ eC X.16:;, 16(2) = 
mini ta(@) tee) }to(2):= min{ia(e).23(2) band fala) = max, fae). feo) 

(4) the complement of A is denoted by A° and defined as Vf(x) = (fa(x), 1 — i4(x), ta(x)), for each 
We: 


Definition 2.8. [4] Let g : X; — Xp» be a function and A, B be the neutrosophic sets of X, and Xo, respec- 
tively. Then the image of a neutrosophic set A is a neutrosophic set of X» and it is defined as follows:Vy € X92 


WA)(y) = (tgayl(y), tq¢ay(y), Foca) (y)) 
(g(ta)(y), ati A)(y), 9(fa)(y)), 


where 
attatay= 4 fA rere, 
g(ta)(y) = 7 i la 


Ria 


otherwise, 


And the preimage of a neutrosophic set 6 is a neutrosophic set of X, and it is defined as follows: 


g*(B)(z) = (t,-1(2)(&), tg-1¢)(), fg-1¢) (2) 
= (ta(g(z)),ta(g(a )), Fag (x))) 
= B(g(x)),Vr € X). 


Definition 2.9. [4] Let A = {< 2,t4(x),74(x), fa(v) >,x © X} be a neutrosophic set on X anda € {0, 1]. 
Define the a-level sets of A as follows: (t4)a = {x € X | ta(z) > a}, (tala = {@ € X | ig(x) > a}, and 


(fa)* = {x © X | fa(z) S a}. 
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3 Neutrosophic ideals 


In what follows, let _X be a subtraction algebra unless otherwise specified. 


Definition 3.1. A neutrosophic set A of X is called a neutrosophic ideal of X if the following conditions are 
true: Vr, y € X, 


(SNI1) Wa(a — y) > Va(a) Le., ta(a — y) > ta(z),ta(a — y) > ta(x) and fa(a—y) < fa(a); 


(SNI2) dr Vy > Nala Vy) = Nala) A Naly) ie. ta(z Vy) = ta(x) A tay), ta(z Vy) = ta(z) A 
ta(y) and fa(x Vy) < fa(x) V fa(y) whenever there exists x V y. 


Proposition 3.2. [f a neutrosophic set A of X satisfies 
(Va,a,b€ X)( Walz — ((x — a) — b)) > Wala) A-Na(®) ) (3.1) 
then A is a neutrosophic ideal of X. 


Proof. Let A= {< x,ta(x),74(x), fa(a~) >,” € X} be a neutrosophic set of X that satisfies (3.1). By (SP2) 
and (SP3) we have (x — y) — (((—y) —x) —x) = (xy) —(0-—2) = (w@— y) —0 = x — y. From this we get 


tale—y) = ta((x@—y)—((e@—y)—2)—2)) = tala) Atalz) =ta(z), 
iAle—y) = ta((e@—y)—(((e—y)— 2) —2&)) > tale) Ata(z) = 1,(2), 
fale—y) = falle—y)—((e—y)—2)—2)) < falz) V fale) = fa(2). 


Now suppose x V y exists for x,y € X. If we take w = xVy, we have x Vy = w—((w—2) —y) by Proposition 
2.4. It follows from (3.1) that 


taleVy) = ta(w—((w—2)—y)) 2 
ta(xVy) = ta(w—((w—2)—y)) > tala 
= 


faleVy) = fa(w—((w—2)—y)) 

Hence A is a neutrosophic ideal of X. [| 
Proposition 3.3. For every neutrosophic ideal A of X, we have the following inequality: 

(Wi € X)(N4(0) > Nala). (3.2) 


Proof. Let A = {< x,ta(x),14(x), fa(x) >,x2 € X} be a neutrosophic ideal of X. Putting y = x in (SNI1), 
then 


ta(0) = tale — x) > ta(x), t4(0) = tala — 7) 2 tala), fa(0) = fale —2@) < fala). 
Hence (3.2) is valid. LI 
Proposition 3.4. Let A be a neutrosophic set of X such that 


(SNI3) (Vz € X) (.%(0) > Na(xx)), 
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(SNI4) (Var,y,2€X) (Wala — 2) = Va((e —y) — 2) A MNaly).) 
Then we have the following implication: 
(Va,n€X)(x <a > N(x) > Nala). (2:3) 
Proof. Leta,x € X be such that 7 < a. Then 


ta(x) = ta(a—0) (1 — a) —0) Ata(a) = ta(0) Atala) = tala), 


ta( 
ia(z) = t4(x—0) > ta((x — a) — 0) Atala) =1,4(0) Ata(a) = 4 
fa(z) = fa(x —0) fala —a) —0)V fala) = fa(O) V fala) = fala). 


Hence V4(x) > Wa(a). CI 


IA i ms 


Theorem 3.5. [fa neutrosophic set A in X satisfies (SNI3) and (SNI4), then A is a neutrosophic ideal of X. 


Proof. Let A be aneutrosophic in X satisfying (SNI3) and (SNI4), and let x,y € X. Then x —y < x by (SP3). 
It follows from Proposition 3.4 that 
Na(x — y) = Na(2), 


1.e., (SNI1) is valid. Also, we have 
WN AEM YU) - NAL) 


whenever x V y exists in X by using Proposition 3.4 and so 
AE Us NAB) ING AY): 


Thus (SNI2) is valid. Therefore -%, is a neutrosophic ideal of X. LI 


Proposition 3.6. A necessary and sufficient condition for a neutrosophic set A of X to be a neutrosophic ideal 
of X is thatt, ,i4 and 1 — fa, are fuzzy ideals of X. 


Proof. Assume that A = {< x,t4(x),74(x), fa(x) >,x © X} is aneutrosophic ideal of X. For any x,y € X, 
we have ta(x — y) > ta(x),ta(~@ — y) > ta(x) and fa(a —y) < fa(x). Thus 


(1 — fa)(@ — y) 2 1 — fal). 


Now suppose «Vy exists for x,y € X. We haveta(xVy) > ta(x)A, ta(y), ta(aVy) > ta(x)Ata(y) and fa(av 
y) < fale) V fa(y). Thus 


LSTA) 2 (= fa) hla yay)) 


Hence ty, 24 and 1 — fy, are fuzzy ideal of X. 
Conversely,assume that t 4, 14 and 1— f4 are fuzzy ideal of X andz,y € R. Thent,(r—y) > t4(x),i4(a— 
y) >ta(x) and 1— fa(a—y) > (1 — fa(x)). Thus 


TA ee SA a) ) a ee a) A) 
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It follows that %4(a — y) > Wa(x) A Wa(y). Suppose x V y exists for x,y € X, we have ta(x V y) > 
ta(z) Ata(y),ta(@ Vy) > ta(z) Ata(y) and (1 — fa)(a@ Vy) > 1— fa(x) Al — fa(y). Thus 


falz Vy) < fala) V faly). 


It follows that 
Nala Vy) > Nala) A Naly). 


Hence A is a neutrosophic ideal of X. L_ 


Theorem 3.7. A is a neutrosophic ideal of X if and only if for all a € |0, 1], the a-level sets of A, (ta)as(tAa)a 
and (f4)° are ideals of X. 


Proof. Assume that A = {< 2,t4(x),74(x), fa(v) >,2 © X} is a neutrosophic ideal of X. Let x € X , 
E (ta)a, a € (44)q anda € (f,4)*. Then ta(a) > a,ig(a) > a, and fa(a) < a. By Definition 3.1(SNI1), 
we have 


ta(a—2x) > ta(a) > a,ig(a— 2x) > tg(a) > a, fa(a—x) < fala) <a. 


Hence a — x € (ta)g, a— € (ta), anda— zx € (t4)q. Let a,b € (ta) a,b € (ig), and a,b € (f4)* and 
assume that there exists a V b. Then t4(a) > @ and t,4(b) > a, which imply from Definition 3.1(SNI2) that 


ta(a V b) > ta(a) a t4(b) > a,ia(a V b) > 14(a) /\ 14(b) > OQ, fala V b) << fa(a) V fa(b) < CV 


and so that a V b € (ta)a,a Vb € (ta)q anda V b € (f4)*. Therefore (t4)q,(t4)q and (f4)° are ideals of X. 
Conversely, assume that t4(a — y) < ta(x) for some x, y € X. Then 


LAC = y) <a< bate) 


for some a € (0, 1]. This implies that x € (¢,4),, but x—y ¢ (t,4)q. This is contradiction. Therefore t4(x—y) > 
ta(x) for all x,y € X. Similary i4(a — y) > i4(x). If fa(a — y) > fa(a) for all x,y € X. Then 


ta(a—y) > a> fa(a) 


for some a € (0,1]. This implies that x € (f4)* but x — y € (f4)°. This is contradiction. Therefore 
fa(x —y) < fa() for all x,y € X. Suppose that x V y exists such that t4(a V y) < ta(x) Ata(y) for some 
x,y € X, Then 

Lae v y) <a< Lal) /\ ta(y ) 


for some a € (0, 1]. It follows that x,y € (t4), and xVy € (t4)q. This is contradiction. Therefore t4("Vy) > 
ta(x) A ta(y) for all x,y € X. Similary 74(” V y) > i4(x) A ta(y). If x V y exists such that fa(a V y) > 
fa(x) Ata(y) for some x,y € X, Then 


fa(tVy) > a> falx) Vv faly) 


for some a € (0,1). It follows that x,y € (f4)° and « V y € (f4)°. This is contradiction. Therefore 
fala Vy) < fa(x) V fa(y) for all x, y € X. Hence A is a neutrosophic ideal of X. C] 


Theorem 3.8. Let A and B are neutrosophic ideals of X. Then A B is a neutrosophic ideal of X. 
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Proof. Suppse that A = {< 2, t4(x),t4(%), fa(v) >, x2 € X}and B= {< 2,tp(x),1p(a), fa(x) >, x € X} 
are neutrosophic ideals of X and let 7,y € X. By Definition 3.1 , we have 


tanp(@—y) = ta(e—y)Ata(e—y) = ta(z) Ata(%) = tana(s), 
ianB(@— y) = ta(e@—y) Atala —y) = ta(@) Atp(Z) = tana(2), 
fana(z—y) = fale@—y)V fala—y) S fal&) V fa(2) = fana(s). 


Now suppose x V y exists for x, y € X. By Definition 3.1, we have 


ta(x Vy) Ata(xV y) 

(ta(x) Ata(y)) A (ta(%) A taly)) 
(ta(x) Ate(ax)) A (taly) A ta(y)) 
tanp(x) A tansy). 


LANB (x V y) 


IV 


Similary we get t4qp(x V y) > t4np(x) A tansy). Also we obtain 


farzn(a@Vy) = falzVy)V fala Vy) 
< (fale) V faly)) V fa(@) V faly)) 
(fa(x) V fa(x)) V (faly) V fay) 
= fans(x) V fans(y). 
Hence A is a neutrosophic ideal of X. [ 


Theorem 3.9. Let A be a neutrosophic ideal of X. Then the set 
K := {re X | Na(z) = %a(0)} 
is an ideal of X. 
Proof. Let A be a neutrosophic ideal of X anda € K. Then .%4(a) = -%(0). By (SNI1), we have 
Nala — x) > Nala) = Va(0) 


for x € X. It follows from (3.2) that “(a — 7) = W4(0) so that a— x € K. Let a,b € K and assume that 
there exists a V b. By means of (SNI2), we know that 


Nala V b) > min{Va(a),-Va(b)} = a0). 
Thus %4(a V b) = W4(0) by (3.2), and so a V b € K. Therefore K is an ideal of X. CI 


Theorem 3.10. Let g : X, — X2 be a homomorphism. Then the image f(A) of a neutrosophic ideal A of X, 
is a neutrosophic ideal of Xo. 


Proof. For any y1, y2 € f(X1), Consider the set 
S = {a1 —a2| a1 € 9 *(y1), a2 © g *(yo)}- 
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Ifx € S then x = 21 — xr for x; € g'(y,) and rv» € g' (ye) and so 


f(x) = f(t, — ®2) = f(@1) — f(@2) = — Ye, 


that is, 7 = 21 — ® € f~*(y, — ye). It follows that 


g(ta)(Yi — y2) = \VV tala) > ta(a1 — 22) > ta(2x1) 
te f—+(y1—ye2) 
gia\(i—y2) = VY tale) > ta(ai — 22) > ta(a1) 
te f—*(yi—ya) 
fa) — ye) = A fale) < falar — 22) < falas). 
£ey (i=) 
Then 
WA)(yr — yo) = (g(ta)(y — ya), (ta) (M1 — Yo), (fa) (M1 — Y2))) 
=( V tae), Yo ial), A fale) 
LES" (rye) zé f—*(yi—y2) Zep i 92) 
2 GA E25) AA) A ei ae) 
> (ta(%1),ta(21), fa(21)). 
Cnsequently, 
WA)(yr— ye) = ( VV ta(%1), VV ia(Z1), /\ fa(%1)) 
zie f—+(yi) ri€f—1(yi) Riel "(Yi =Y2 
(g(ta)(m%), g(ta) (41), 9( Fa) (M1) 
= g(A)(y1). 


If y, V yo exist for any y1, yo € f (X71). We first consider the set 
T = {a1 V az | a1 € g* (yi), @2 © g* (ye) F- 
Ife € T then x = x, V x for x, € g"(y,) and x2 € g~*(y2) and so 
f(x) = flv V 2) = f(%1) V f(t2) = y1 V Ye, 


that is, 7 = 71 V ro € f(y V ye). It follows that 


VV bale) Stale Vw); 


re f—*(y1Vy2) 


g(ta)(y V ya) 


gia)\(iVy) = YO tala) > ta(ar V 22), 
ve f~*(yiVy2) 
fay Vy) = A falt) < falar V 2). 


re f-*(y1Vy2) 
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Then 


WA)(y V2) = (g(ta)(M% V yo), g(ta)(m V ye), 9(fa)(M VY Y2))) 

= ( AD); \f Sa@e JY. GAG) 
re f-1(yiVy2) ce f—*(yiVy2) ce f—*(yiVy2) 
(Later Va) tala V va), fala V £5)) 
(ta(t1) Ata(@2),t4(@1) Ata(@2), falti) V fa(2a)) 
(ta(@1),t4(21), fa(@1)) A (ta(@2), t4(22), faze). 


IV IV 


Cnsequently, 


GAG ae) 2 VV ta(%1), VV ia(21), /\ fa(21)) 


1€f—l(y1) Tie, i) Wiel tt) 


( VO tale), Yo tale) [\ faler)) 


r2€ f—1(y2) r2€ f—*(y2) r2€ f—l(y2 
(g(ta)(y1), g(t) (41), 9( fa) (yr) A (g(t) (Ye), 9(2a) (Y2), 9( fa) (Y2)) 
g(A)(y1) A g(A) (ye). 


Hence g(A) is a neutrosophic ideal of f(X;). CI 


Ze 


Theorem 3.11. Let g : X; — X_ be a homomorphism. Then the preimage f~‘(B) of a neutrosophic ideal B 
of X_ is a neutrosophic ideal of X 4. 


Proof. Let B = {< x,tp(x),iB(x), fa(a) >,x € Xo} be a neutrosophic ideal of Xp and x,y € X,. Then 


g (B)(c«-y) = (ta(g(z—y)), in(g(z — y)), fa(g(x — y)) 
= (te(g(x) — g(y)),tB(9(x) — 9(y)), fa(g(@) — gly) 
(x)), iB(g( 


2 (tB(g L ),talg v)), fa(g(x)) 
= g (B)(z). 
Now suppse x V y exists for 7, y € X,. Then 
g (B)(xVy) = (ta(g(@Vy)),ta(g(@ Vy), fa(g(e V y)) 
= (ta(g(x) V g(y)), tp 2 (g(x) V gy) 


IV 
oF 
Sy 
oS 
— 


Od. ) 

B(g(y)), fa(g(z) V fa(g(y))) 
, \ (ta(g(y)), tB(g(y)), falgty)) 
= g(B\(a) Ag "(By 


Hence g'(B), is a neutrosophic ideal of X,. CI 


4 conclusions 


F.Smarandache introduced the concept of neutrosophic sets, which can be seen as a new mathematical tool 
for dealing with uncertainty. In this paper, we apply the notion of neutrosophic sets in subtraction algebras. 
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Also, we introduce the notion of neutrosophic ideal and give some conditions for a neutrosophic set to be 
a neutrosophic ideal in substraction algebras. Finally,we showed that neutrosophic image and neutrosophic 
inverse image of neutrosophic ideal are both neutrosophic ideal under certain conditions Based on these re- 
sults,we could apply neutrosophic sets to other types of ideals in subtraction algebra. Also,we believe that such 
a results applied for other algebraic structure. 
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Abstract. In recent time graphical analytics of uncertainty and indeterminacy has become major concern for data analytics re- 
searchers. In this direction, the mathematical algebra of neutrosophic graph is extended to interval-valued neutrosophic graph. 
However, building the interval-valued neutrosophic graphs, its spectrum and energy computation is addressed as another issues 
by research community of neutrosophic environment. To resolve this issue the current paper proposed some related mathemat- 
ical notations to compute the spectrum and energy of interval-valued neutrosophic graph using the MATAB. 


Keywords: Interval valued neutrosophic graphs. Adjacency matrix. Spectrum of IVNG. Energy of IVNG. Complete-IVNG. 


1 Introduction 


The handling uncertainty in the given data set is considered as one of the major issues for the research com- 
munities. To deal with this issue the mathematical algebra of neutrosophic set is introduced [1]. The calculus of 
neutrosophic sets (NSs)[1, 2] given a way to represent the uncertainty based on acceptation, rejection and uncer- 
tain part, independently. It is nothing but just an extension of fuzzy set [3], intuitionistic fuzzy set [4-6], and in- 
terval valued fuzzy sets [7] beyond the unipolar fuzzy space. It characterizes the uncertainty based on a truth- 
membership function (T), an indeterminate-membership function (I) and a falsity-membership function(F) inde- 
pendently of a defined neutrosophic set via real a standard or non-standard unit interval]"0, 1*[. One of the best 
suitable example is for the neutrosophic logic is win/loss and draw of a match, opinion of people towards an 
event is based on its acceptance, rejection and uncertain values. These properties of neutrosophic set differentiate 
it from any of the available approaches in fuzzy set theory while measuring the indeterminacy. Due to which 
mathematics of single valued neutrosophic sets (abbr. SVNS) [8] as well as interval valued neutrosophic sets 
(abbr. IVNS) [9-10] is introduced for precise analysis of indeterminacy in the given interval. The IVNS repre- 
sents the acceptance, rejection and uncertain membership functions in the unit interval [0, 1] which helped a lot 
for knowledge processing tasks using different classifier [11], similarity method [12-14] as well as multi- 
decision making process [15-17] at user defined weighted method [18-24]. In this process a problem is ad- 
dressed while drawing the interval-valued neutrosophic graph, its spectrum and energy analysis. To achieve this 
goal, the current paper tried to focus on introducing these related properties and its analysis using MATLAB. 


2 Literature Review 


There are several applications of graph theory which is a mathematical tool provides a way to visualize the 
given data sets for its precise analysis. It is utilized for solving several mathematical problems. In this process, a 
problem is addressed while representing the uncertainty and vagueness exists in any given attributes (i.e. verti- 
ces) and their corresponding relationship i.e edges. To deal with this problem, the properties of fuzzy graph [25- 
26] theory is extended to intuitionistic fuzzy graph [28-30], interval valued fuzzy graphs [31] is studied with ap- 
plications [32—33]. In this case a problem is addressed while measuring with indeterminacy and its situation. 
Hence, the neutrosophic graphs and its properties is introduced by Smaranadache [34-37] to characterizes them 
using their truth, falsity, and indeterminacy membership-values (T, I, F) with its applications [38-40]. Broumi et 
al. [41] introduced neutrosophic graph theory considering (T, I, F) for vertices and edges in the graph specially 
termed as “Single valued neutrosophic graph theory (abbr. SVNG)” with its other properties [42-44]. Afterwards 
several researchers studied the neutrosophic graphs and its applications [65, 68]. Broumi et al. [50] utilized the 
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SVNGs to find the shortest path in the given network subsequently other researchers used it in different fields 
(51-53, 59-60, 65]. To measure the partial ignorance, Broumi et al. [45] introduced interval valued-neutrosophic 
graphs and its related operations [46-48] with its application in decision making process in various extensions[49, 
54, 57 61, 62, 64,73-84]. 


Some other researchers introduced antipodal single valued neutrosophic graphs [63, 65], single valued neu- 
trosophic digraph [68] for solving multi-criteria decision making. Naz et al.[69] discussed the concept of energy 
and laplacian energy of SVNGs. This given a major thrust to introduce it into interval-valued neutrosophic graph 
and its matrix. The matrix is a very useful tool in representing the graphs to computers, matrix representation of 
SVNG, some researchers study adjacency matrix and incident matrix of SVNG. Varol et al. [70] introduced sin- 
gle valued neutrosophic matrix as a generalization of fuzzy matrix, intuitionistic fuzzy matrix and investigated 
some of its algebraic operations including subtraction, addition, product, transposition. Uma et al. [66] proposed 
a determinant theory for fuzzy neutrosophic soft matrices. Hamidiand Saeid [72 | proposed the concept of acces- 
sible single-valued neutrosophic graphs. 


It is observed that, few literature have shown the study on energy of IVNG. Hence this paper, introduces 
some basic concept related to the interval valued neutrosophic graphs are developed with an interesting proper- 
ties and its illustration for its various applications in several research field. 


3 Preliminaries 


This section consists some of the elementary concepts related to the neutrosophic sets, single valued neutro- 
sophic sets, interval-valued neutrosophic sets, single valued neutrosophic graphs and adjacency matrix for estab- 
lishing the new mathematical properties of interval-valued neutrosophic graphs. Readers can refer to following 
references for more detail about basics of these sets and their mathematical representations [1, 8, 41]. 

Definition 3.1:[1] Suppose € be a nonempty set. A neutrosophic set (abbr.NS) N inéis an object taking the 
form Nys= {<x: Ty(k), Iy(kK), Fy(k)>, ke €} (1) 

Where Ty (k):€ >] 0,17 , In (K):€ > 0,1'T .Fy (K):€ >] 0,1°[ are known as truth-membership function, in- 
determinate —membership function and false-membership unction, respectively. The neutrosophic sets is subject 
to the following condition: 

0 S Ty (Kk) ty (k) +Fy(k) S 3° (2) 


Definition 3.2:[8]Suppose € be a nonempty set. A single valued neutrosophic sets N (abbr. SVNs) iné is an 
object taking the form: 


Nsyns=t<k:Ty (K), In (kK), Fu (K)>, KE §} (3) 


where Ty (k), Iy(k), Fy(k) € [0, 1] are mappings. T, (k)denote the truth-membership function of an element 
x € €, Iy(k)denote the indeterminate —membership function of an element k € €.Fy(k)denote the false— 
membership function of an element k € €. The SVNs subject to condition 
O < Ty (k)+Iy(k)+Fy(k) < 3 (4) 


Example 3.3: Let us consider following example to understand the indeterminacy and neutrosophic logic: 
In a given mobile phone suppose 100 calls came at end of the day. 


1. 60 calls were received truly among them 50 numbers are saved and 10 were unsaved in mobile. In this case 
these 60 calls will be considered as truth membership 1.e. 0.6. 


2. 30 calls were not-received by mobile holder. Among them 20 calls which are saved in mobile contacts were 
not received due to driving, meeting, or phone left in home, car or bag and 10 were not received due to uncertain 
numbers. In this case all 30 not received numbers by any cause (1.e. driving, meeting or phone left at home) will 
be considered as Indeterminacy membership 1.e. 0.3. 


3. 10 calls were those number which was rejected calls intentionally by mobile holder due to behavior of 
those saved numbers, not useful calls, marketing numbers or other cases for that he/she do not want to pick or 
may be blocked numbers. In all cases these calls can be considered as false i.e. 0.1 membership value. 


The above situation can be represented as (0.6, 0.3, 0.1) as neutrosophic set. 
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Definition 3.4: [10] Suppose € be a nonempty set. An interval valued neutrosophic sets N (abbr.IVNs) in 
€is an object taking the form: 


Nins={<k:Ty (k), Ly (k).Fy(k)>.ke >} (5) 


Where Ty(k), [y(k),Fy(k) & int[0,1] are mappings. Ty(k)=[T#(k), T?(k)] denote the interval truth- 
membership function of an element k€ €.fy(k)=[I¥(x), Ly (kK)] denote the interval indeterminate-membership 
function of an element ke &.Fy(k)=[FH(k), Ff (k)] denote the false-membership function of an element ke €. 


Definition 3.4: [10]For every two interval valued-neutrosophic sets A and B in €, we define 
(N U M) (K)= ([Te'(k), Te (k)], Le), Ie CX), [Fe (8), Fe'(K)]) forall ke ¢ (6) 
Where 
TE(K)= Ty(k) V Ti(k), Te (= Ty! (XV Ty (k) 
Ie(kK)= In(K)A Ig (k), Ie (K)= In (KA In (k) 
F¢(k)= Fy(k)A Fiy(k), Fo’ (K)= Fy (kK)A Fr (k) 


Definition 3.5: [41]A pair G=(V,E) is known as single valued neutrosophic graph (abbr.S VNG) if the following 
holds: 


1. V= {k,1=1,..,.n} such as T,;:V— [0,1] is the truth-membership degree, [,:V-—[0,1] is the indeterminate — 
membership degree and F,:V-[0,1]is the false membership degree of k; € V subject to condition 
OST (k)th(k)th (ki) <3 (7) 


2. E={(kj, kj): (kj, kj) € V X V} such as T2:V x V > [0,1] is the truth-memebership degree, [,:V x V > 
[0,1] is the indeterminate -membership degree and F,:V xX V — [0,1] is the false-memebership degree of 
(k;,k;) € E defined as 


T2(kj,kj)S Ty (Kj) AT (k;) (8) 
In (ki, kj) 2 (ki) V 1,(k;) (9) 
F,(k;, kj) 2 Fy (ki) V Fy (k;) (10) 


Subject to condition OST, (kik2) th (Ky kp) tho (kik) <3 V (kjk) EE UD) 
The Fig. 1 shows an illustration of SVNG. 


(0.5, 0.1 ,0.4) 
(0.6, 0.3 ,0.2) 


(0.5, 0.4 ,0.5) 












(0.2, 0.3 ,0.4) 






(0.4, 0.3 ,0.6) 





(0.2, 0.4 ,0.5) 
(0.4, 0.2 ,0.5) (0.2, 0.3 ,0.4) 
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Fig. 1. An illustration of single valued neutrosophic graph 


Definition 3.6[41]. A single valued neutrosophic graph G=(N, M) of G*= (V, E) is termed strong single 
valued neutrosophic graph if the following holds: 


Ty (Ki kj )= Ty (ki) A Ty (Kj) (12) 
Iv (kikj) = Iv (Ki) V In (Ki) (13) 
Fu (Kikj)= Fy (Ki) V Fu (kj) (14) 
V (k; , K;) EE, 


Where the operator Adenote minimum and the operator Vdenote the maximum 


Definition 3.8[41]. A single valued neutrosophic graph G=(N, M) of G*= (V, E) is termed complete single 
valued neutrosophic graph if the following holds: 


Ty (Ki kj )= Ty (Ki) A Ty (Kj) (15) 
Iv (kik; ) = Iy CK) V In (Ki) (16) 
Fu (kik; )= Fy (Ki) V Fu (kj) (17) 
Vk; . kj EV. 


Definition 3.9:[70] The Eigen value of a graph G are the Eigen values of its adjacency matrix. 
Definition 3.10:[70 |The spectrum of a graph is the set of all Eigen values of its adjacency matrix 


oe ee (18) 


Definition 3.11:[70]The energy of the graph G is defined as the sum of the absolute values of its eigenvalues 
and denoted it by E(G): 


E(G)=i=114i| (19) 


4.Some Basic Concepts of Interval Valued Neutrosophic Graphs 


Throughout this paper, we abbreviate G*=(V, E) as a crisp graph, and G=(N, M) an interval valued neutro- 
sophic graph.In this section we have defined some basic concepts of interval valued neutrosophic graphs and 
discuses some of their properties. 

Definition 4.1:[45] A pair G=(V,E) is called an interval valued neutrosophic graph (abbr. IVNG) if the fol- 
lowing holds: 

1. V= {k;:i=1,...n} such as T/:V- [0,1] is the lower truth-membership degree,T7/:V— [0,1] is the upper 
truth-membership degree,I{:V—> [0,1] is the lower indeterminate-membership degree,l/:V— [0,1] is the 
upper indterminate-membership degree, and F/:V- [0,1] is the lower false-membership degree,F/:V— 
[0,1] is the upper false-membership degree,of v; € V subject to condition 


OST) (kj)+h (ki) +Fr (ki) $3 (20) 


2. E={(kj,k;): (ki, kj) EV XV} such as Tx :V x V > [0,1] is the lower truth-memebership degree, as 
Ty :V x V — [0,1] is the upper truth-memebership degree, 17:V x V > [0,1] is the lower indeterminate- 
memebership degree, I/’:V x V > [0,1] is the upper indeterminate-memebership degree and Fy :V x 


V > [0,1] is the lower false-memebership degree, Fy’:V x V — [0,1] is the upper false-memebership de- 
gree of (k;,k;) € E defined as 


TE (kjk )S TE (ki) A TE (Kj) TY kik )S TY (ky) ATE(K)) (21) 
Ix (kjk )= 1y (ki) V 1 (kj) ola (kik )= Ty (ki) V Ly (ky) (22) 
Fy (kjk )= Fy (ki) V Fy (kj) Fy (kik) Fy (ki) V Fi (kj) (23) 
Subject to condition 0 < Ty (kjk2) +17 (ky k2)+Fy (kjk) <3.V (kj, kj) EE. (24) 
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Example 4.2.Consider acrisp graph G* such that V= {k,, k, kz}, E={k k2, kok3, k3k,}. Suppose N be an 
interval valued neutrosophic subset of V and suppose M an interval valued neutrosophic subset of E denoted by: 


Teves | [_] ae [ee [ae 


= 


Day [os [os | 06 





<[0.2, 0.3],[ 0.2, 0.3],[0.1, 0.4]> 
<[0.3, 0.5],[ 0.2, 0.3],[0.3, 0.4]> 






<[0.1, 0.2],[ 0.3, 0.4],[0.4, 0.5]> 


<[0.1, 0.2],[ 0.3, 0.5],[0.4, 0.6]> <[0.1, 0.3],[ 0.4, 0.5],[0.4, 0.5]> 


<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]> 


Fig. 2.Example of an interval valued neutrosophic graph 


Definition 4.3A graph G=(N , M) 1s termed simple interval valued neutrosophic graph if it has neither self 
lops nor parallel edges in an interval valued neutrosophic graph. 


Definition 4.4The degree d(k) of any vertex k of an interval valued neutrosophic graph G=(N, M) is defined 
as follow: 


d(v)= [ dp (k),dr(k) 1dr (k),d7 (k) 1 [de (k),de(k)] (25) 
Where 
dt(k)=¥ jek; Te (k,k;) known as the degree of lower truth-membership vertex 


de(k)=>; kjek; Le (k,k;) known as the degree of upper truth-membership vertex 
di (k)=¥. kjk; iy (k,k;) known as the degree of lower indterminate-membership vertex 
dv(k)=¥. jek; iu (k,k;) known as the degree of upperindeterminate-membership vertex 
de (k)=¥ jek; joey (k,k;) known as the degree of lower false-membership vertex 


dp(k)=> kjk; aly (k,k;) known as the degree of upperfalse-membership vertex 


Example 4.5 Consider an IVNG G=(N, M) presented in Fig. 4 with vertices set V={k;:i = 1,..,4} and 
edges set E={k,k, ,kiak3, kak>,k2k,}. 
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<[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]> 
<[0.4, 0.5],[ 0.1, 0.3],[0.1, 0.4]> <[0.2, 0.3],[ 0.2, 0.5],[0.2, 0.4]> 





A A 
in = 
Ss —) 
S, S, 
+ in 
—) —) 
Se —) 
—) —) 
= <[0.2, 0.3],[ 0.3, 0.4],[0.2, 0.4]> of 
>, Se 
¥ Tv 
<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]> <[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]> 


Fig. 4.[utstrationof an interval valued neutrosophic graph 
The degree of each vertex k;is given as follows: 
d(k, )= (0.3, 0.6], [0.5, 0.9], [0.5, 0.9]), 
d(k,)= ({0.4, 0.6], [0.5, 1.0], [0.4, 0.8]), 
d(k3)= (0.4, 0.6], [0.6, 0.9], [0.4, 0.8]), 
d(k,)= ({0.3, 0.6], [0.6, 0.8], [0.5, 0.9]). 


Definition 4.6. A graph G=(N, M) is termed regular interval valued neutrosophic graph if d(k)=r=([r1,, 


Yul, [rot, Toy], [r3,, r3y]), V k E V. 
(1.e.) if each vertex has same degree r, then G 1s said to be a regular interval valued neutrosophic graph of de- 
gree fr. 


Definition 4.7. A graph G=(N,M) is termed irregular interval valued neutrosophic graph if the degree of 
some vertices are different than other. 


Example 4.8 Let us Suppose, G is a regular interval-valued neutrosophic graph as portrayed in Fig. 5 having 
vertex set V={k,, kz, K3, k,} and edge sets E={k,k ,kyk3, Kak, ,K,kK,} as follows. 


<[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]> 
<[0.4, 0.5],[ 0.1, 0.3],[0.1, 0.4]> <[0.2, 0.3],[ 0.2, 0.5],[0.2, 0.4]> 





A A 
—t —t 
—) —) 
ef ef 
Ss, Ss, 
in in 
—) Ss 
ef ef 
—) Se 
Se Se 
<7 <[0.2, 0.3],[ 0.2, 0.5],[0.2, 0.4]> at 
S e 
V V 
<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]> <[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]> 


Fig.5 .Regular IVN-graph. 
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In the Fig. 5. All adjacent vertices kyk, , Kkyk3 , k3k. , k2k, have the same degree equal 
<[0.4,0.6],[0.4,1],[0.4,0.8]>. Hence, the graph G is a regular interval valued neutrosophic graph. 


Definition 4.9 A graph G= (N, M) on G‘is termed strong interval valued neutrosophic graph if the following 
holds: 


Tig (Ki, kj) = Ty (kj)A Tx (kj) 

T (kj, kj) = Ty (ki)A Ty (kj) 

Ty (Ki, kj) = Ty (ki)V Ty (Ry) 

Ty (kj, kj) =Ty (iV Ty (kj) 

Fy (ki, kj) = Fry(ki)V Fry (k) 

Fy (kj, kj) = Fy(kpv Fy (ky) V (kj kj EE (26) 


Example 4.10.Consider the strong interval valued neutrosophic graph G=(N, M) in Fig. 6 with vertex set N 
={k,, kj, k3, k, }and edge set M={k,k., ka k3, k3k,, k,k,} as follows: 





<[0.2, 0.3],[ 0.2, 0.3],[0.1, 0.4]> 
<[0.3, 0.5],[ 0.2, 0.3],[0.3, 0.4]> 





<[0.2, 0.3],[ 0.2, 0.3],[0.3, 0.4]> 






<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]> <[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.4]> 


<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]> 


Fig.6.Illustration of strong IVNG 


Proposition 4.11For everyk;,k; € V, we have 


Ty (Ki, k;) =T'y (ky, k;)and Tig (Ki, k;) =T y(k;, k;) 
Ty (Ki, k;) =[y (kj, k;)and Ty (Ki, k;) =I'y (kj, k;) 
Fy (ki, kj) =Fiy (kj, k;)and Fy (ki, kj) =Fy (k;, ki) (27) 
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Proof. Suppose G =(N, M) be an interval valued neutrosophic graph, suppose k; is a neigbourhood of k; in 
G.Then , we have 


Ty (kj, kj) =min [ Ty(k;), Ty(K,j)] and Thy (ki, kj) =min [ Ty(k,), Ty (kj) 
Tig (ki, kj) =max [ Iy(K;), [x (kj)] and Iy (ke; kj) =max[ Iy(k;), Ty (k;)] 

Fy (kj, kj) =max [ Fx(k;), Fy(kj)] and Fyy(k;, kj) =max [ Fy(kj), Fy (kj)] 
Similarly we have also for 
Ty (kj, k;) =min [ Th(k;), Ty(k;)] and Ty (k;, k;) =min [ Ty(k,), Ty (ki) 
Tig (kj, ki) =max [ Ty(k;), Ty (k;)] and Im (k;, k;) =max[ Iy(k,), Ty (ki) 
Fig (Kj, k;) =max [ Fy(kj), Fy (k;)] and Fiy(k;, k;) =max [ Fy(k,), Fy(ki)] 
Thus 

Thy (Kee ey) =Th,(k;, k,)andTY, (kj, kj) =Ty (kj, kj) 

Tn (ke ke) =|. uk; "k;)andT, (Ke, kj) =Ty (kj, k;) 

Fy (Kj, kj) =F u(k; , k,)andFY, (k;, k) =F y (k;, ki) 


apres 4.12 The oe G= (N, M) is termed an interval valued neutrosophic graph if the following holds 
T iy (ki, kj) =min [ Ty(k;), Ty(ky)] and Ty (Ky, ky) =min [ Ty(k;), Ty (kj) 


Ty (kj, kj) =max [ Th(k;), Tk (j)] and 1), (k;, kj) =max[ Ih (k;), Ty (kj) 


Fi, (k;, kj) =max [ F4(k;), F4(k;)] and F&,(k;, kj) =max [ FY(k,), FY (kj))] Wkpk; € V (28) 


WD J wv J 
Example 4.13. Consider the complete interval valued neutrosophic graph G=(N, M) portrayed in Fig. 7 with 
vertex set A ={k,, kz, K3, k, }and edge set E={k, ky, k, kz ,kok3, k, Ky, Kk, ,.K2k, }as follows 


<[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]> 
<[0.4, 0.5],[ 0.1, 0.3],[0.1, 0.4]> : : : oo 
iI iI <[0.4, 0.5],[ 0.1, 0.3],[0.2, 0.4]> 


<[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.4]> 





A 
+ as 
S 7 
« —) 
N « 
© a 
a = 
rl + 
S S 
S S 
a <[0.2, 0.6],[ 0.2, 0.3],[0.2, 0.3]> S 
er a 
Ss Ss 
: v 
<[0.2, 0.3],[ 0.2, 0.4],[0.2, 0.3]> 
<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]> <[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]> 


Fig.7 .Illustration of complete IVN-graph 
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In the following based on the extension of the adjacency matrix of SVNG [69], we defined the concept of ad- 
jacency matrix of IVNG as follow: 


Definition 4.14:The adjacency matrix M(G) of IVNG G= (N, M) is defined as a square matrix M(G)=[a; jl; 
with ajj=<Ty(k;, k;).[h (ki kj). Fm (ki kj)>, where 

Te (ki, k;)= [Ti (ki, k;),T” (ki, k;)] denote the strength of relationship 

Iu (ki k= Uh (ki kj). (ki, k;)] denote the strength of undecided relationship 

Fy (ki kj )=[Fuy (ki kj) Fy (ki, k;)] denote the strength of non-relationship between k; andk; — (29) 


The adjacency matrix of an IVNG can be expressed as sixth matrices, first matrix contain the entries as lower 
truth-membership values, second contain upper truth-membership values, third contain lower indeterminacy- 
membership values, forth contain upper indeterminacy-membership, fifth contains lower non-membership values 
and the sixth contain the upper non-membership values, 1.e., 


M(G)=<[Ty (ki kj ).T (ki kj). Un (ke kj) (kas ky). [Fn (Ki ky) Ft (ka kj) >. (30) 


From the Fig. 1, the adjacency matrix of IVNG is defined as: 


0 < [0.1,0.2],[0.3,0.4],[0.4,0.5] > <[0.1,0.2],[0.3,0.5], [0.4,0.6] > 
Mg = |< [0.1,0.2], [0.3 , 0.4], [0.4,0.5] > 0 < [0.1,0.3],[0.4,0.5], [0.4,0.5] > 
< [0.1,0.2],[0.3,0.5],[0.4,0.6] > <[0.1,0.3],[0.4,0.5], [0.4,0.5] > 0 


In the literature, there is no Matlab toolbox deals with neutrosophic matrix such as adjacency matrix and so 
on. Recently Broumi et al [58] developed a Matlab toolbox for computing operations on interval valued neutro- 
sophicmatrices.So, we can inputted the adjacency matrix of IVNG in the workspace Matlab as portrayed in Fig. 
8. 


=] 4 7) bd New Variable » Analyze Code | an (0) Preferences [. > 
Loe - J a) Find Files ¥ LE i rv i) ee Y p Community 


¥ Open Variable ¥ > Run and Time c Set Path 
New New Open |i Compate import Swe = = pees Simulink Layout Add-Ons Help =) Request Support 
Scipp oy Data Workspace “ Clear Workspace ¥ Clear Commands ¥ iii Parallel ¥ oy ¥ 
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES 





ep if ig | >> Program files » MATLAB > R2016a > toolbox > interval neutrosophic matrices > interval neutrosophic matrices_calc » 





























: >> aml= [0 0.1 0.1; 0.1.0 0.1; 0.1.0.1 0); 4 this command input lower membership values of IVN-matrix? 
g a.mu = [0 0.2 0.2; 0.2 0 0.3; 0.2 0.3 0]; % this command input Upper membership values of IVN-matrixs 
: a.il = [0 0.3 0.3; 0.3 0 0.4; 0.3 0.4 0]; 3 this command input lower indeterminate -membership values of IVN-matrix3 
Z a.lu = [0 0.4 0.5; 0.4 0 0.5; 0.5 0.5 0]; 4 this command input Upper indeterminate -membership values of IVN-matrix? 
5 a.nl = [0 0.4 0.4; 0.4 0 0.4; 0.4 0.4 0); 4 this command input lower false-membership values of IVN-matrix% 
‘ a.nu=[0 0.5 0.6; 0.5 0 0.5; 0.6 0.5 0]; $ this command input Upper false- membership values of IVN-matrix% 
: A=ivrm(a.ml,a:mu,a.il,a.iu,a.nl, a.nu) % this command return the IVN-matrix? 
G 
1 = 


€(0.00, 0.00],[0.00, 0.00], [0.00, 0.00)> <[0.10, 0.20],[0.30, 0.40], [0.40, 0.50]> <[0.10, 0.20],[0.30, 0.50], [0.40, 0.60]> 


€[0.10, 0.20],[0.30, 0.40], [0.40, 0.50]> <[0.00, 0.00],[0.00, 0.00), (0.00, 0.00]> <[0.10, 0.30], (0.40, 0.50], [0.40, 0.50]> 


€[0.10, 0.20],[0.30, 0.50], (0.40, 0.60]> <[0.10, 0.30],[0.40, 0.50), (0.40, 0.50]> <[0.00, 0.00],[0.00, 0.00], [0.00, 0.00]> 
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Fig. .8 Screen shot of Workspace MATLAB 


Definition 4.15:The spectrum of adjacency matrix of an IVNG M(G) is defined as 
<R, S,Q>=<[R",RY],[$",57],<[Q".Q" > (31) 


Where R“is the set of eigenvalues of M(Ty(k;, k;)),RY is the set of eigenvalues of M(T#/(k;, k;)),S" is the 
set of eigenvalues of M(J, (ki, k;)),8 U is the set of eigenvalues of 

MU (kj, k;)) ,Q* is the set of eigenvalues of M(FL (ki, k;)) and QY is the set of eigenvalue of 
M(FP# (ki, k;))respectively. 


Definition 4.16: The energy of an IVNG G= (N,M) is defined as 
E(G)=<E(Ty (kj, kj)),E Um (ki kj) .E Fin (ki kj))> (32) 
Where 


E(Ty (ki, k;) = (ET (kik;)) ECM (kik; DIF(e a1 Wi) 2 int AZ| 


Ab eRE a ERY 
E(Iy (kj, k;) = (EU (kik; )). Edy (kik; DIFLo a1 I6F 1. "ind [62 [I 
évesh 5 esU 
E(Fy (kj, k; )= HEA (kik; )) Ea (kik, ))) =e" nr 11. SP ina 107 [I 
cred Gaon 


Definition 4.17:Two interval valued neutrosophic graphsG, and G, are termed equienergetic, if they have the 
same number of vertices and the same energy. 


Proposition4.18:If an interval valued neutrosophic G is both regular and totally regular, then the eigen values 
are balanced on the energy. 


i=1 +A;= 0.254 +A; = 0, dint +6;'= 0, Disa +6;'= O24 +¢/'= 0 and)ij~1 +0)'= 0. (33) 


4.19. MATLAB program for findingspectrum of an interval valued neutrosophic graph 
To generate the MATLAB program for finding the spectrum of interval valued neutrosophic graph. The program 
termed “Spec.m” is written as follow: 


Function SG=Spec(A); 

% Spectrum of an interval valued neutrosophic matrix A 

% "A" have to be an interval valued neutrosophic matrix - "ivnm" object: 
a.ml=eig(A.ml); % eigenvalues of lower membership of ivnm% 
a.mu=eig(A.mu); % eigenvalues of upper membership of ivnm% 


a.il=eig(A.il); % eigenvalues of lower rindeterminate-membership of ivnm% 
a.1u=eig(A.iu); % eigenvalues of upper indterminate- membership of ivnm% 
a.nl=eig(A.nl); % eigenvalues of lower false-membership of ivnm% 
a.nu=eig(A.nu); % eigenvalues of upper false-membership of ivnm% 
SG=ivnm(a.ml,a.mu,a.il,a.1u,a.nl,a.nu); 





4.20. MATLAB program for finding energy of an interval valued neutrosophic graph 
To generate the MATLAB program for finding the energy of interval valued neutrosophic graph. The program 
termed “ENG.m’’iswritten as follow: 
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function EG=ENG (A); 

energy of an interval valued neutrosophic matrix A 

"A" have to be an interval valued neutrosophic matrix - "ivnm" object: 
.ml=sum (abs (eig(A-ml1))); 

.mu=sum (abs (eig(A.mu))); 

.1l=sum (abs (e¢ig(A.il1))); 

.iu=sum (abs (e€ig(A.iu))); 





.nl=sum (abs (eig(A.nl))); 


vow ww & fw ote ote 





.nu=sum (abs (eig(A.nu))); 
EG=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 





Example4.21: The spectrum and the energy of an IVNG, illustrated in Fig. 6, are given below: 


Spec(Tih (kik; ))={ -0.10, -0.10,0.20}, Spec(Ty7 (k;k; ))={-0.30,-0.17,0.47} 
Spec(It (k;k; ))={-0.40,-0.27,0.67}, Spec(Ij (k;k; ))={-0.53,-0.40,0.93]} 
Spec(Fi (k;k; ))={-0.40,-0.40,0.80}, Spec(Fiy (k;k; ))={ -0.60,-0.47,1.07} 


Hence, 

Spec(G)={<[-0.10, -0.30], [-0.40, -0.53 ],[-0.40, -0.60 ]>, <[-0.10, -0.17], [-0.27, -0.40 ],[-0.40, -0.47 ]>, <[0.20, 
0.47], [0.67, 0.93 ],[0.80, 1.07 ]>} 

Now, 

E(T (kk; ))=0.40, Ey (kik; ))=0.94 


EU (kik; ))=1.34,EUy (k;k;))=1.87 

E(Fy (kjk; ))=1.60,E(Fy (kik; ))=2.14 
Therefore 

E(G)= <[0.40, 0.94],[1.34, 1.87], [1.60, 2.14]> 


Based on toolbox MATLAB developed in [58], the readers can run the program termed “Spec.m’, for computing 
the spectrum of graph, by writing in command window “Spec (A)” as described below: 


>> Spec(A) % this command return the spectrum of IVN-matrix% 


Warning! The created new object is NOT an interval valued neutrosophic matrix 


<[-0.10, -0.30], [-0.40, -0.33], [-0.40, -0.60]> 
<[-0.10, -—O.127F|,; |-O.27, -0.40], [-U.40, —O.47]> 
(0.20, O.47], (O.6F, O.93|], [O.80, L.UTl[> 





Similarly, the readers can also run the program termed “ENG.m’’, for computing the energy of graph, by writing 
in command window “ENG (A) as described below: 


>> ENG(A) % this command return the Energy of IVN-matrix% 
Warning! The created new object is NOT an interval valued neutrosophic matrix 


<[0.40, 0.94], [1.34, 1-8/7], [1-60, 2.14]> 
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In term of the number of vertices and the sum of interval truth-membership, interval indeterminate-membership 
and interval false-membership, we define the upper and lower bounds on energy of an IVNG. 


Proposition 4.22. Suppose G= (N, M) be an IVNG on n vertices and the adjacency matrix of G.then 


| 2 Dasiyen(Th(kiky)) + n(n — 11TH Pw < BCT (kiky)) < J2nDrcizen(TH Crk) (34) 
f2 Sasijen(TH (kik) + n(n — ITY PM < ECE (kk,)) S J2n Drciyen(TH CK) 35) 

| 2 Sasijen(Thy (kek) + n(n — IN < Bi (kiky)) < J2nDrcyen(tCak)) 86) 

f2 Sasijen(l4 (kik) + n(n — UY Py < EUE(keik;)) S J2m Drcyen(MCkrk)) BD 

| 2 Sacijen(F (kk) + n(n — 11FEP IN < BF (rk) < [2m SDreipen(FhCkiky)) G8) 

2 Dacizen(FY (kik) + n(n — 1)|FY[7/n < ECFY(kik;)) < lan Yicijen(Fu (kik) (39) 


Where |T"|,|T7|,[1"|,|17|,|F4|and |F¥| are the determinant of M(Thy(k;, k;)), M(TY, (ki, k;)), MUh (ki k;)), 
M(Ih (ki, k;)). M (Fi, (ki, k;)) andM (FY (k;, k;)),respectively. 


Proof: proof is similar as in Theorem 3.2 [69] 


Conclusion 


This paper introduces some basic operations on interval-valued neutrosophic set to increase its utility in vari- 
ous fields for multi-decision process. To achieve this goal, a new mathematical algebra of interval-valued neu- 
trosophic graphs, its energy as well as spectral computation is discussed with mathematical proof using 
MATLAB. In the near future, we plan to extend our research to interval valued neutrosophic digraphs and devel- 
oped the concept of domination in interval valued-neutrosophic graphs. Same time the author will focus on han- 
dling its necessity for knowledge representation and processing tasks [85-87]. 
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Abstract. In the last decade, characterizing the energy in MANET based on its acceptation, rejection and uncer- 
tain part is addressed as one of the major issues by the researchers. An efficient energy routing protocol for MA- 
NET is another issue. To resolve these issues current paper focuses on utilizing the properties of neutrosophic 
technique. The essential idea of the protocol is to choose an energy efficient route with respect to neutrosophic 
technique. In this neutrosophic set, we have three components such as (T, I, F). Each parameter such as energy 
and distance is taken from these neutrosophic sets to determine the efficient energy route in MANET. After taking 
a brief survey about energy efficient routing for MANET using various methods, we are trying to implement the 
neutrosophic set technique to find the efficient energy route for MANET which provides the better energy route in 
uncertain situations. The comparative analysis between vague set MANET and neutrosophic MANET for the val- 
ues of energy functions and distance functions is done by using Matlab and the result 1s discussed graphically 


Keywords: MANET;  neutrosophic set; energy’ efficient routing § protocol; granular Computing. 


1 Introduction 


Wireless networking technologies play a vital role for giving rise to many new applications in internet world. 
Mobile ad-hoc network (MANET) is one of the most leading fields for research and development of wireless 
network. Now a days, wireless ad-hoc network has become one of the most vibrant and active field of communi- 
cation and networks due to the popularity of mobile devices. Also, mobile or wireless network has become one 
of the indeed requirement for the users around the world. In this network, there are no groundwork stations or 
mobile switching centres and other structures of these types. The topology of Mobile ad-hoc network (MANET) 
changes dynamically. Each node is within others node’s radio range via wireless networks. In the present era, 
nearly everyone has a mobile phone and most of it are smart phones. These devices are very cheaper and more 
powerful which make Mobile ad-hoc network (MANET) as the speed-growing network [1, 26, 36, 37]. Because 
of frequent braking of communication links, the nodes in mobile ad-hoc networks are free to move to anywhere. 
Also, a node in Mobile ad-hoc network (MANET) performs complete access to send data from one node to the 
other very fast and provides accurate services. Mobile ad-hoc network (MANET) is user friendly network which 
is easy to add or remove from the network. In this, each node contains some energy with limited battery capacity. 
The energy has been lost very speed in ad-hoc networks by transforming the data from one node to another node 
and also over all network’s lifetime. Therefore the energy efficient routing indicates that the selecting route re- 
quires high energy and shortest distance. In this regard recently one of the authors has utilized implications of 
weighted concept lattice [31] and its implications using three-way neutrosophic environment [32-33] at different 
threshold [25] beyond the fuzzy logic [40]. It is shown that the computing paradigm of neutrosophic logic pro- 
vides an authorization to deal with indeterminacy in the given network when compared to any other approaches 
available in fuzzy logic. Hence the current paper focused on introducing the concept of neutrosophic logic for 
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analyzing the energy efficient routing protocol in Mobile ad-hoc network (MANET). Neutrosophic set was in- 
troduced by Florentin Smarandache [34] in 1995. Neutrosophic set is the generalization of fuzzy set, intuition- 
istic set fuzzy set, classical set and paraconsistent set etc. In intuitionistic fuzzy sets[2], the uncertainty is de- 
pendent on the degree of belongingness and degree of non-belongingness. In case of neutrosophy theory, the in- 
determinacy factor is independent of truth and falsity membership-values. Also neutrosophic sets are more gen- 
eral than IFS, because there are no conditions between the degree of truth, degree of indeterminacy and degree of 
falsity. In 2005, Wang et.al [38] introduced single valued neutrosophic sets which can be used in real world ap- 
plications. In this case, a problem is addressed while dealing with efficient route in routing protocol based on its 
distance or energy. To shoot this problem, the current paper introduces a method to characterize the energy effi- 
cient route in Mobile ad-hoc network (MANET) based on its acceptation, rejection and uncertain part. In the 
same time the analysis of the proposed method is compared with one of the existing methods to validate the re- 
sults. The motivation is to discover the precise and efficient path based on its maximal acceptance, minimum re- 
jection, and minimal indeterminacy. The objective is to provide an optimal routing in Mobile ad-hoc network 
(MANET) in minimal energy utilization when compared to vague set [18]. One of the significant outputs of the 
proposed method is that it deals with uncertainty independent from truth and false membership-values. 

The remaining part of the paper is organized as follows: Section 2 provides preliminaries about each of the 
set theories. Section 3 provides proposed method with its comparative analysis in Section 4. Section 5 provides 
conclusions and future research. 


2 Overview of Mobile ad-hoc networks[28] 


Mobile Ad Hoc networking (MANET) can be classified into first, second and third generations. The first genera- 
tion of mobile ad-hoc network came up with “packet radio” networks ( PRNET) in 1970s and it has evolved to 
be a robust, reliable, operational experimental network. The PRNET used a combination of ALOHA and channel 
access approaches CSMA for medium access, and a distance-vector routing to give packet-switched networking 
to mobile field elements in an infrastructure less, remote environment. The second generation evolved in early 
1980’s when SURAN (Survivable Adaptive Radio Networks) significantly improved upon the radios, scalability 
of algorithms, and resilience to electronic attacks. During this period include GloMo (Global Mobile Information 
System) and NTDR (Near Term Digital Radio)were developed. The aim of GloMo was to give office- 
environment Ethernet-type multimedia connectivity anytime, anywhere, in handheld devices. Channel access 
approaches were in the CSMA/CA and TDMA molds, and several novel routing and topology control schemes 
were developed. The NTDR used clustering and link- state routing, and self-organized into a two-tier ad hoc 
network. Now used by the US Army, NTDR is the only “real” (non-prototypical) ad hoc network in use today. 
The third generation evolved in 1990’s also termed as commercial network with the advent of Notebooks com- 
puters, open source software and equipments based on RF and infrared. IEEE 802.11 subcommittee adopted the 
term “ad hoc networks.” The development of routing within the Mobile ad-hoc networking (MANET) working 
group and the larger community forked into reactive (routes on- demand) and proactive (routes ready-to-use) 
routing protocols 141. The 802.1 1 subcommittee standardized a medium access protocol that was based on col- 
lision avoidance and tolerated hidden terminals, making it usable, if not optimal, for building mobile ad hoc net- 
work prototypes out of notebooks and 802.11 PCMCIA cards. HIPERLAN and Bluetooth were some other 
standards that addressed and benefited ad hoc networking. With the increase of portable devices with wireless 
communication, ad-hoc networking plays an important role in many applications such as commercial, military 
and sensor networks, data networks etc., Mobile ad-hoc networks allow users to access and exchange infor- 
mation regardless of their geographic position or proximity to infrastructure. Since Mobile ad-hoc networking 
(MANET) has no static infrastructure, it offers an advantageous decentralized character to the network. Decen- 
tralization makes the networks more flexible and more robust. 


3 Preliminaries 
Definition of Fuzzy Set: 


Fuzzy set was introduced by Zadeh in 1965 [40] and it gives new trend in application of mathematics. Every 
value of the fuzzy set consisting of order pair one is true membership and another one is false membership which 
lies between O and 1. Several authors [30, 39, 21-23, 27, 29] used fuzzy set theory in ad-hoc network and wire- 
less sensor network to solve routing problems. The logic in fuzzy set theory is vastly used in all fields of mathe- 
matics like networks, graphs, topological space ...etc. 


Definition:[9|Intuitionistic Fuzzy Set: 


Intuitionistic Fuzzy Sets are the extension of usual fuzzy sets. All outcomes which are applicable for fuzzy sets 
can be derived here also. Almost all the research works for fuzzy sets can be used to draw information of IFSs. 
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Further, there have been defined over IFSs not only operations similar to those of ordinary fuzzy sets, but also 
operators that cannot be defined in the case of ordinary fuzzy sets. 


Definition:[17,24] Adroit System: 


Adroit system [17, 24] is a computer program that efforts to act like a human effect in a particular subject area to 
give the solution to the particular unpredictable problem. Sometimes, adroit systems are used instead of human 
minds. Its main parts are knowledge based system and inference engine. In that the software is the knowledge 
based system which can be solved by artificial intelligence technique to find efficient route. The second part is 
inference engine which processes data by using rule based knowledge. 


Definition:[34] Neutrosophic Set: 

A neutrosophic set is a triplet which contains a truth membership function, a false membership function 
and indeterminacy function. Many authors extended this neutrosophic theory in different fields of mathematics 
such as decision making, optimization, graph theory etc.,[3-16, 42-52]. In particular, with the best knowledge, 
this is the first time to calculate efficient energy protocol for MANET based on the neutrosophic technique. 


Let U be the universe. The neutrosophic set A in U is characterized by a truth-membership function Ta, a inde- 
terminacy-membership function I, and a falsity-membership function Fa. Ta(x), [a(x) and Fa(x) are real stand- 
ard elements of [0,1]. It can be written as 


Ans =\KTy(X).1, (0), Fy (x) > x €U.T,(),1,(x).F, (€or |! @ 


There is no restriction on the sum of T(x) , Ia(x) and F (x). So O< Ta(x)+Ia(x)+Fa(x) < 3%. 


Definition:[35] Let U be a universe of discourse and A the neutrosophic set A C U. Let 
T(x), 1, (x), F,(X) be the functions that describe the degree of membership, indeterminate membership and 


non-membership respectively of a generic element x € U with respect to the neutrosophic set A. A single valued 
neutrosophic overset (SVNOV) A on the universe of discourse U 1s defined as: 


Agov =1<T,(x),1,(%), F(x) >.x €U,T, (x), 1,(0), F(x) €[0,Q]} (2) 


where T,(x),1,(x), F(x): U> lO, Q]. O0<1<Q2 and © is called overlimit. Then there exists at least one 
element in A such that it has at least one neutrosophic component >land no element has neutrosophic component 
<0 

Definition:[35]Let U be a universe of discourse and the neutrosophic set AC U. Let T(x), 1, (x), F, (x) be 


the functions that describe the degree of membership, indeterminate membership and non-membership respec- 
tively of a generic element x € U with respect to the neutrosophic set A. A single valued neutrosophic underset 
(SVNU) A on the universe of discourse U is defined as: 


Agyy =1<T,(x),1,(%), F(x) > x €U,T, (x), 1,00), F, (9) € [1]! GB) 


where 7, (x), 1, (x), F(x): U> [1], Y <0<1 and is called lowerlimit.Then there exists at least one 


element in A such that it has at least one neutrosophic component<0 and no element has neutrosophic compo- 
nent >1 


Definition:[35] Let U be a universe of discourse and the neutrosophic set AC U. Let T,(x),/,(x), F(x) be 


the functions that describe the degree of membership, indeterminate membership and non-membership respec- 
tively of a generic element x € U with respect to the neutrosophic set A. A single valued neutrosophic offset 
(SVNOF) A on the universe of discourse U is defined as: 


Asyor = ‘< T(x), 1, (x), Fy (x) > x €U,T, (x), 1, (x), F(x) € wa} (4) 


where T',(x), 1, (x), F(x): U> [1]. Y <0<1<@ and Y is called underlimit while (2 is called over- 


limit. Then there exist some elements in A such that at least one neutrosophic component >1, and at least another 
neutrosophic component < 0 


Example 1: Let A={( x, <1.2, 0.4,0.1>),(.X, .<0.2, 0.3,-0.7>)},since T(x, )=1.2>1, F(x, )=-0.7<0 
Definition:[35]The complement of a single valued neutrosophic overset/ underset/offset A is denoted by C(A) 
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and is defined by 

C(A) ={(x,< F(x), ¥+Q-T,(x),T, (x) > x€U } (5) 
Definition:[35]The intersection of two single valued neutrosophic overset/ underset/offset A and B is a single 
valued neutrosophic overset/ underset/offset denoted C and is denoted by C= A’) B and is defined by 


C=AM B={(x,< min(T,(x),T,(x)), max(I,(x),1,(x)), max(F, (x), F,(x))). xe U} (©) 
Definition:[35]The union of two single valued neutrosophic overset/ underset/offset A and B is a single valued 
neutrosophic overset/ underset/offset denoted C and is denoted by C= AU B and is defined by 


C=AU B={(x,< max(T,(x),T,(x)), min(,(x),1,(x«)), min(F, (x), F,(x))), xe U} (7) 


The following table 1, describe the neutrosophic oversets, neutrosophic undersets, neutrosophic offsets and Sin- 
gle valued neutrosophic sets 


Types of neutrosophic sets > (under limit) Q) (overlimit) 
Tneutrsophicoversess OR 


Lz 
5) 


neutrosophic offsets <O 1<02 
Single valued neutrosophic sets OR 


Table 1. Some type of neutrosophic sets 





It can be observed that, the algebra of neutrosophic set provides an independent way to deal with indeterminacy 
beyond the truth and false membership-values of a vague set. However characterizing the distance of routing 
protocol in MANET based on its truth, falsity and indeterminacy membership-values is complex problem. To 
deal with this problem, one of the algorithms is proposed in the next section with an illustrative example. 


4 PROPOSED PROTOCOL 


In this section, a method 1s proposed to characterize the efficient routing path in MANET based on the neu- 
trosophic technique using energy and distance. In this proposed protocol, energy function may be low, medium 
and high and also in a similar way distance may be short, medium and long. To represent these levels a neutro- 
sophic set based membership function 4/ , Indeterminacy O and non-membership 7 is defined in this paper. 


All these energy membership functions E,,E,,andE,, and distance membership func- 
tions D,, D,, and D, are given in Table 2 and Table3. 


meus’ value Neutrosophic range 
(Ex*,EL”,EL) (0,0.9,1.8) 


(Ev*.Ew’.Ew) (1.8,2.7,3.5) 
High [Ey (Ex. Ex) (3.5,4.4,5) 





Table 2. A neutrosophic set based representation of energy function 


Linguistic value Neutrosophic range 


Table 3. A neutrosophic set based representation of distance function 
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The a single valued neutrosophic overset/ underset/offset are characterized by three memberships, the 
truth-membership, indeterminacy-membership and false membership functions as described in definitions 


above. 


It gives an interpretation of membership grades. Low, medium and high of the energy and distance functions 
are written as follows: 


Neutrosophic Energy function values: 
H(E, ) = (0.3, 0.7, 1.2), WCE, ) = C4, 2.3, 3), WCE, ) = (3.2, 4, 4.8) 
O(E, ) = (0.4, 0.9, 1.4), oCE,,) = (1.3, 2.6, 3.2), o(E,,) = 3.4, 3.8, 4.6) 


y(E, ) = (0.2, 0.6, 1.4), (Ey) = (1.2, 2.5, 3.4), V(E,,) =, 4.2, 4.5) 


Neutrosophic Distance function values: 


Lu(D,) = (0.2, 4, 10), s2(D,, ) = (12, 20, 32), = (30, 38, 44) 
o(D,) = (0.5, 5, 12), o(Dy,)= (10, 23, 30), o(D,)= (29, 41, 49) 


y(D,) = (0.3, 6, 8), v(D,,) = (14, 21, 28), y(D,) = (32, 40, 47) 


Recently, several authors tried to deduce the neutrosophic values in various fields [40]. The current paper 
tried most suitable and ideal solution deduced by considering true members function / for the better solution. 


These neutrosophic values are used for efficient route selection in MANET which is given below in table 3. By 
comparing different routes of the MANET, rating of the route is calculated by the Eq. 8 as given below: 


NR. = meanof ge 4 (8) 


meanof w(D,) 


From the rating of different route given in Table 4, each value of NR,. ; 18 a neutrosophic route having differ- 


ent values which determine the nature of the route in MANET. 


Neutrosophic possible route 


If Energy is 4(E; ) and (Distance is 44(D, ) then the route is R1. 


2 If Energy is W(E, ) and (Distance is 44(D,, ), then the route is R2. 


If Energy is (E, ) and (Distance is 44(D, ),then the route is R3. 


4 If Energy is WCE, ) and (Distance is 4(D,) ,then the route is R4. 


If Energy is 44(E,, ) and (Distance is 44(D, ),then the route is R6. 


] If Energy is (E,, ) and (Distance is 44(D,) ,then the route is R7. 


If Energy is 4(E,,) and (Distance is 44(D,,) ,then the route is RS. 


If Energy is W(E,, ) and (Distance is (D,, ),then the route is R8. 


L If Energy is W(E,, )and (Distance is 4(D, ),then the route is R9. 


Table 4. A neutrosophic technique based efficient route selection 
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Neutrosophic Rating of route Enlightenment of Rating 
ber 


0.154929 
0.034375 
0.019642 Very Bad 


PRO 0.059820 Verypoor 
PRS 0193875 ery good 
PRO NOTA Medium 





Table 5. Enlightenment of rating of different routes in Neutrosophic Technique 


Hence, each neutrosophic route has a specific rating in MANET. Table 4 provides a way to defined different 
neutrosophic routes by considering various energy functions and as well as distance functions. Following that the 
sequences of different routes based on their rating is given in Table 5. The decreasing order according to rating 
on the routes is R3 < R2< R5 < R9 < RI <R8 < R4 < R7.Table 5 represents that based on neutrosophic ordering 
defined by the proposed method route R7 is one of the best energy efficient route among them for the given 
MANET. 


5 Comparative Analysis 


While comparing vague set and neutrosophic set, vague set 1s equivalent to intuitionistic fuzzy set because 
both of them having only truth and false membership functions. Also neutrosophic set is the generalization of 
fuzzy and intuitionistic fuzzy sets. Hence the results obtained by using neutrosophic set is better than the results 
obtained by using vague set. In this section, the comparative analysis among neutrosophic and vague set based 
routing protocol is discussed. The membership values of energy and distance functions of vague set Manet and 
neutrosophic set Manet are given in Table 6. Comparison between Vague set rating of route (VSR) and Neutro- 
sophic rating of route (NRR) are given in Table 7. 


Table 6. Membership values of energy and distance function 


Base Value of Energy function Base Value of Distance function 
Notation a Notation ue nM 


(0,1.8) (0,0.9,1.8) (0, 17) (0,9,17) 
(1.8, 3.5) (1.8,2.7,3.5) (17, 34) (17,26,34) 
(65:5) (3.5,4.4,5) (34, 50) (34,42,50) 





Table 7. Comparison between Vague Set Rating of route(VSR) and Neutrosophic Rating of route (NRR): 
Route Vague Set Rating | Neutrosophic Rating of 


i 
Se ee 
La 
= 


0.105882 0.019642 Very Bad 


RI 
R2 
R3 
R4 

5 
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0.873239 Very good Very excellent 
Very good 


ROO 0.894118 0.110714 Very excellent 


Anaetyses of Energy efficiert routing of MANET between Neutrosophic and Vague set techniques 
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Figure. 1: The comparison of energy efficient MANET using neutrosophic and vague set 


The graph for rating of routes of MANET using neutrosophic set and vague set techniques are plotted in Fig- 
ure | for the values of energy functions and distance functions by using Table 6 and Table 7 with the help of 
Matlab software. It provides an information that, the efficient energy routing of mobile ad-hoc network using 
neutrosophic set technique(NM) is much better than the efficient energy routing of MANET using vague set 
technique(VM) in uncertain environment. However, the proposed method is focused on static environment in 
case the node and data set changes at each interval of time then the proposed unable to represent the case precise- 
ly. To deal with dynamic environment author will focus in near future to introduce the extensive properties of 
neutrosophic set and its applications to wireless ad-hoc network(WANET), flying ad-hoc network(FANET) and 


vehicular ad-hoc network(VANET). 


Conclusion and future work 


This paper utilizes properties of single valued neutrosophic for finding an efficient routing protocol for MANET 
based on distance and energy. In this regard, several algorithms are proposed to characterize it based on truth and 
falsity membership-values of a defined vague set. However the current paper aimed at dealing with uncertainty 
in routing protocol of MANET based on its truth, falsity and indeterminacy membership-values, indeterminacy. 
It is shown that the proposed method provides a precise representation and selection of energy efficient routing 
protocol when compared to vague sets as shown in Table 6 and 7. In future, the authors will focuses on investi- 
gating the energy efficient routes for WANET, FANET, VANET for dynamic environment 


References 

{1} Ankur O.Bang and Prabhakar L. Ramteke, “MANET: History, Challenges and applications”, IJA or IJAI- 
EM 2.9,2013, pp.249-251. 

[2] K. Atanassov, “Intuitionistic fuzzy sets: theory and applications”, Physica, New York, 1989. 

3] S§.Broumi, A. Bakali, M. Talea, F. Smarandache, A. Dey, L. H.Son, ,,spanning Tree Problem with 
Neutrosophic Edge Weights”, Procedia Computer Science 127, 2018, pp.190-199. 

S. Broumi, A. Bakali, M. Talea, F. Smarandache, and L.Vladareanu “Computation of Shortest Path 
Problem in a Network with SV-Trapezoidal Neutrosophic Numbers”, Proceedings of the 2016 International 
S. Broumi, M. Talea, A.Bakali, F. Smarandache, P. K. Singh, and M. Mullai, A Neutrosophic Technique Based 


Efficient Routing Protocol For MANET Based On Its Energy And Distance 


met | 


[4] 


68 


[29] 
[30] 
[31] 
[32] 
[33] 


[34] 


Neutrosophic Sets and Systems, Vol. 24, 2019 


Conference on Advanced Mechatronic Systems, Melbourne, Australia, 2016, pp. 417-422. 


S.Broumi, A. Bakali, M. Talea, F. Smarandache, and L. Vladareanu, “Applying Dijkstra Algorithm for 
Solving Neutrosophic Shortest Path Problem“, Proceedings of the 2016 International Conference on 
Advanced Mechatronic Systems, Melbourne, Australia, November 30 - December 3, 2016, pp.412-416. 

S. Broumi, A. Bakali, M. Talea, and F. Smarandache, and P.K.Kishore Kumar, “Shortest Path Problem on 
Single Valued Neutrosophic Graphs“, 2017 International Symposium on Networks, Computers and 
Communications (ISNCC), 2017,pp. 1-6 

S. Broumi, A. Bakali, M. Talea, F. Smarandache, and L.Vladareanu,“Shortest Path Problem Under 
Triangular Fuzzy Neutrosophic Information”, 10th International Conference on Software, Knowledge, 
Information Management & Applications (SKIMA), (2016) pp.169-174. 

S. Broumi, A. Bakali, M. Talea, F. Smarandache, and M. Ali, “Shortest path problem under bipolar 
neutrosphic setting, Applied Mechanics and Materials, Vol. 859, 2016, pp.59-66. 

S. Broumi, M. Talea, A. Bakali, F.Smarandache, “ Single valued neutrosophic graphs“, Journal of New 
Theory 10, 2016, pp.86-101. 


S. Broumi, M.Talea, A. Bakali, F.Smarandache, “On bipolar single valued neutrosophic graphs”, Journal 
of New Theory 11, 2016 ,pp.84-102. 

S. Broumi, M. Talea, A. Bakali, F.Smarandache,” Interval valued neutrosophic graphs”, Critical Review, 
XII, 2016,pp.5-33. 

S. Broumi, A. Bakali, M. Talea, and F. Smarandache,“Isolated single valued neutrosophic graphs“, 
Neutrosophic Sets and Systems Vol. 11, 2016,pp.74-78 

S. Broumi, F. Smarandache, M. Talea, and A.Bakali, “An introduction to bipolar single valued 
neutrosophic graph theory”, Applied Mechanics and Materials 841, 2016, pp.184-191. 

S. Broumi, M. Talea, F. Smarandache, and A.Bakali, “Single valued neutrosophic aoe degree, order 
and size“, IEEE International Conference on Fuzzy Systems (FUZZ), 2016,pp.2444-2451. 

S. Broumi, F. Smarandache, M. Talea and A.Bakali, “Decision-making method based on the interval 
valued neutrosophic graph”, Future Technologie, IEEE, 2016, pp. 44-50. 

S. Broumi, A.Bakali, M.Talea, F.Smarandache, “An Isolated Bipolar Single-Valued Neutrosophic 
Graphs“, In: Bhateya V., Nguyen B., Nguyen N., Satapathy S., Le DN. (eds) Information Systems Design 
and Intelligent Applications. Advances in Intelligent Systems and Computing, vol 672. Springer, Singapore, 
2018 


B.G. Buchanan, “New Research on Expert System”, Machine Intelligence 10,1982,pp.269-299. 

S.K.Das, S. Tripathi, “ Energy Efficient Routing Protocol for MANET Based on Vague Set Measurement 
Technique”, Procedia Computer Science 58,2015, pp.348-355 

S.K .Das, S. Tripathi and A.P. Burnawal, “Intelligent Energy Competency Multipath Routing in WANET”, 
ISDAIA. Springer: ,2015,pp.535-543. 

S.K. Das, S. Tripathi and A.P. Burnawal, “Fuzzy based energy efficient multicast routing for ad-hoc net- 
work’, CCCAIT-IEEE Conferences. 2015 

S.K. Das, A. Kumar, B. Das and A.P. Burnwal, “Ethics of Reducing Power Consumption in Wireless Sen- 
sor Networks using Soft Computing Technique’, IJACR, 3(1), 2013, pp.301-304. 

S.K. Das, B. Das and A.P. Burnawal, “Intelligent Energy Competency Routing Scheme for Wireless Sen- 
sor Network’, IJRCAR 2(3): ,2014,pp.79-84. 


S. Gupta, P.K. Bharti, V. Choudhary, “ Fuzzy Logic Based Routing Algorithm for Mobile Ad Hoc Net- 
works”, In: Mantri A., Nandi S., Kumar G., Kumar S. (eds) High Performance Architecture and Grid Com- 
putting, Communications in Computer and Information Science, vol 169. Springer, Berlin, Heidelberg, 2011 


a A , J. S. Breese and E. J.Horvitz, “Decision analysis and expert system”, Al magazine 12, 1991, 
pp.4:64. 


Khan S, Gani A, Abdul Wahab A.W, Singh P K, ’’Feature Selection of Denial-of-Service Attacks Using 
Entropy and Granular Computing’’, Arabian Journal for Science and Engineering, 43(2): 499-508 


B. Madhuranjani and E. Rama Devi, “Survey on Mobile Adhoc Networks”, International Journal of Com- 
puter Systems 02(12),2015) ,pp.576-580 

P. Mishra, K. Raina Saurabh , B. Singh, “Effective fuzzy-based location-aware routing with adjusting 
transmission range in MANET”, Int. J. of Systems, Control and Communications 7(4),2016,pp.360-379 

L Raja, 2Capt. Dr. S Santhosh Baboo, “An Overview of MANET: Applications, Attacks and Challenges”, 
Ee Journal of Computer Science and Mobile Computing, Vol. 3, Issue. 1, January 2014, pg.408 — 


G.Ravi and KR.Kashwan,”A new routing protocol for energy efficient mobile applications for ad hoc net- 
work’, Comput Electr Eng, ,2015, http://dx.doi.org/10.1016/j.compeleceng.2015.03.023 

P .Shangchao, S.Baolin, “Fuzzy Controllers Based Multipath Routing Algorithm in MANET”, Physics 
Procedia, Volume 24, Part B: ,2012,pp.1178-1185. 

P.K.Singh, “Cloud data processing using granular based weighted concept lattice and hamming distance’, 
Computing, 2018, https://doi.org/10.1007/sO0607-018-0608-7. 

P K. Singh, “hree-way fuzzy concept lattice representation using neutrosophic set”, International Journal of 
Machine Learning and Cybernetics, Springer, 81).2017, pp.69-79, doi: 10.1007/s13042-016-0585-0 

P K. Singh, “Interval-valued neutrosophic graph representation of concept lattice and its (a, B, y)- 
decomposition”, Arabian Journal for Science and Engineering 43(2), 2018,pp.723-740 

F. Smarandache, “Neutrosophy: Neutrosophic Probability Set and Logic’, ProQuest Information & Learn- 
ing, Ann Arbor, Michigan, USA, 1998,105 p. 


S. Broumi, M. Talea, A.Bakali, F. Smarandache, P. K. Singh, and M. Mullai, A Neutrosophic Technique Based 
Efficient Routing Protocol For MANET Based On Its Energy And Distance 


Neutrosophic Sets and Systems, Vol. 24, 2019 69 


[35] _ F.Smarandache, “Neutrosophic Overset, Neutrosophic Underset, and Poe ic Offset: Similarly for 
Neutrosophic Over-/Under-/Off- Logic, Probability, and Statistics”, Pons Editions Brussels, 2016, 17Qp. 


[36] P.Swati, A.Vishal, “Performance of MANET: A Review’, Intemational Journal of Engineering Trends and 
Technology (JETT), V9(11), 2014,pp. 544-549 


[37] _S.Vijayalakshmi and M. Sweatha, “A Surve oe History and Types of Manet”, International Journal of 
Emerging Trends in Science and Technology0 (07), 2016,pp.43 10-4315. 


[38] H. Wang, F.Smarandache, Y. Zhang and R.Sunderraman, “Single valued neutrosophic sets”, Multispace 
and Multistructure 4,2010,pp.410-413. 


[39] A. J .Yuste, A. Trivifo and E. Casilar, ““Type-2 fuzzy decision support system to optimize MANET inte- 
gration into infrastructure-based wireless systems’, Expert Systems with Applications, Volume 40, Issue 
7(1), 2013, pp.2552-2567. 


[40] L.A.Zadeh, “Fuzzy sets”, Information and control 8(3),1965, pp.338-353. 
[41] http://fs.gallup.unm.edu/NSS/. 


[42] Florentin Smarandache et al. An Integrated Neutrosophic-TOPSIS Approach and its Application to Per- 
sonnel Selection: A New Trend in Brain Processing and Analysis, IEEE Access, DOI: 
10.1109/ACCESS.2019.2899841 


[43] Abdel-Basset, M., Saleh, M., Gamal, A., & Smarandache, F. (2019). An approach of TOPSIS technique for 
As supplier selection with group ’ decision making under type-2 neutrosophic number. Applied Soft 
omputing. 


[44] _Abdel-Baset, M., Chang, V., Gamal, A., & Smarandache, F. (2019). An integrated neutrosophic ANP and 
VIKOR method for achieving sustainable supplier selection: A case study in importing field. Computers in 
Industry, 106, 94-110. 


[45] Florentin Smarandache, et al. "A Group Decision Making Framework Based on Neutrosophic TOPSIS 
Approach for Smart Medical Device Selection." Journal of medical systems43.2 (2019): 38. 


[46] Smarandache, F. et al. (2019). Linear fractional programming based on triangular neutrosophic num- 
bers. International Journal of Applied Management Science, 11(1), 1-20. 


[47] Florentin Smarandache, et al. vA hybrid approach of neutrosophic sets and DEMATEL method for devel- 
oping supplier selection criteria." Design Automation for Embedded Systems (2018): 1-22. 


[48] Abdel-Basset, M., Mohamed, M., & Smarandache, F. (2018). An extension of neutrosophic AHP—SWOT 
analysis for strategic planning and decision-making. Symmetry, 10(4), 116. 


[49] Smarandache, F. et al. (2018). A hybrid Neutrosophic multiple criteria group decision making approach for 
project selection. Cognitive Systems Research. 


[50] Smarandache, F. et al.(2018). A hybrid neutrosophic group ANP-TOPSIS framework for supplier selection 
problems. Symmetry, 10(6), 226. 


[51] Smarandache, F., et al. "A novel method for eee the fully neutrosophic linear programming prob- 
lems." Neural Computing and Applications (2018): 1-1 


[52] Hussian, Abdel-Nasser, et al. Neutrosophic Linear Programming Problems. Infinite Study, 2017. 


Received: August 24, 2018, Accepted: Jaunary 31, 2019 


S. Broumi, M. Talea, A.Bakali, F. Smarandache, P. K. Singh, and M. Mullai, A Neutrosophic Technique Based 
Efficient Routing Protocol For MANET Based On Its Energy And Distance 


TOG 


Tal 
Ny! University of New Metco ay 


Neutrosophic Nano ideal topolgical structure 


M. Parimala !, M. Karthika *, S. Jafari? , FR Smarandache *, R.Udhayakumar™ 


‘Department of Mathematics, Bannari Amman Institute of Technology,Sathyamangalam-638401, Tamil Nadu, India 
E-mail: rishwanthpari @ gmail.com 

2Department of Mathematics, Bannari Amman Institute of Technology,Sathyamangalam-638401, Tamil Nadu, India 

E-mail: karthikamuthusamy 1991 @ gmail.com 
3College of Vestsjaelland South, Herrestraede 11, 4200 Slagelse, Denmark 
E-mail: jafaripersia@ gmail.com 
4Mathematics & Science Department, University of New Maxico, 705 Gurley Ave, Gallup, NM 87301, USA 
E-mail: fsmarandache @ gmail.com 
©School of Advanced Sciences, Department of Mathematics, VIT, Vellore, TN, India 

E-mail: udhayaram_v @ yahoo.co.in 


*Correspondence: Author (udhayaram_v @ yahoo.co.in) 


Abstract: This paper addressed the concept of Neutrosophic nano ideal topology which is induced by the two litere- 
ture, they are nano topology and ideal topological spaces. We defined its local function, closed set and also defined 
and give new dimnesion to codense ideal by incorporating it to ideal topological structures. we investigate some 
properties of neutrosophic nano topology with ideal. 


Keywords: neutrosophic nano ideal, neutrosophic nano local function, topological ideal, neutrosophic nano topolog- 
ical ideal. 


1 Introduction and Preliminaries 


In 1983, K. Atanassov [1] proposed the concept of I[FS(intuitionstic fuzzy set) which is a generalization of 
FS(fuzzy set) [17], where each element has true and false membership degree. Smarandache [15] coined the 
concept of NS (neutrosophic set) which is new dimension to the sets. Neutrosophic set is classified into three 
independently related functions namely, membership, indeterminacy function and non-membership function. 
Lellis Thivagar [8], introduced the new notion of neutrosophic nano topology, which consist of upper, lower 
approximation and boundary region of a subset of a universal set using an equivalence class on it. There have 
been wide range of studies on neutrosophic sets, ideals and nano ideals [9, 10, 11,12,13,14]. Kuratowski [7] 
and Vaidyanathaswamy [16] introduced the new concept in topological spaces, called ideal topological spaces 
and also local function in ideal topological space was defined by them. Afterwards the properties of ideal 
topological spaces studied by Hamlett and Jankovic[5,6]. 
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In this paper, we introduce the new concept of neutrosophic nano ideal topological structures, which is a 
generalized concept of neutrosophic nano and ideal topological structure. Also defined the codense ideal in 
neutrosophic nano topological structure. 

We recall some relevant basic definitions which are useful for the sequel and in particular, the work of M. L. 
Thivagar [8], Parimala et al [9], F. Smarandache [15]. 


Definition 1.1. Let U be universe of discourse and F be an indiscernibility relation on U. Then U is divided 
into disjoint equivalence classes. The pair (U, R) is said to be the approximation space. Let F’ be a NS in U 
with the true pr, the indeterminancy op and the false function vr. Then, 


(i) The lower approximation of F' with respect to equivalence class R is the set denoted by N(F’) and 
defined as follows 


N(F) = { (a, trc)(@); Rm (4); VR) (@)) ly € [aa € US 


(ii) The higher approximation of F’ with respect to equivalence class R is the set is denoted by N(F’) and 
defined as follows, N(F’) = {(a, urcey(@), orUF)(2), VRcry(a@)) ly € [a]lr,a € US 


(iii) The boundary region of F' with respect to equivalence class F is the set of all objects is denoted by B(F’) 


and defined byB(F') = N(F’) — N(F). 


where, 


LRcey (a) = | L(y), Cr) (a) = | Or(y1); 


yi€lalr yi€lalr 

VR Fy (a) = () Vr(y1). UR (F)(a@ = 11 Ur (yt), 
yi€lalr yi€la 

Or(F)(a) = () Or(y), VR(F) (a) = 5 Ve(y1). 
yi€|alR yi€lalr 


Definition 1.2. Let U be a nonempty set and the neutrosophic sets X and Y in the form X = {(a, ux(a),ox(a),vx(a)), 
and Y = {(a, y(a), oy (a), vy(a)) ,a € U}. Then the following statements hold: 


(i) Ow = {(a,0,0,1),a € U} and 1y = {(a,1,1,0),a € U}. 
(ii) X C yif and only if wx(a) < py(a),ox(a) < oy(a),vx(a) > vy(a) forall a € U. 
Gu) X = Y ifandonlyif X C Y andY CX. 
(iv) X° = {(a,vx(a), 1 — ox(@), x 
( 


(v) XY if and only if wx(a) A ux(a),ox(a) A oy(a), vy(a) V vy(a) for alla € U. 


a)),a EU}. 


(vi) X UY if and only if wy(a) V py(a),ox(a) V oy(a),vx(a) A vy(a) for alla € U. 
(vii) X — Y if and only if x(a) A vy(a),ox(a) Al — oy(a), vx(a) V py(a) for alla € U. 


Definition 1.3. Let _X be a non-empty set and / is a neutrosophic ideal (VJ for short) on X if 
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(i) A; € Jand B, C A; => B, € I [heredity], 


(i) A; € and By € 1 => A, UB, € I [finite additivity]. 


2 Neutrosophic nano ideal topological spaces 


In this section we introduce a new type of local function in neutrosophic nano topological space. Before that 
we shall consider the following concepts. 


Neutrosophic nano ideal topological space(in short NNI) is denoted by (U, ty(F’), J), where (U, tr (F), L) 
is a neutrosophic nano topological space(in short NNT) (U, 7,(£’)) with an ideal J on U 


Definition 2.1. Let (U, t(F’), I) be a NNI with an ideal J on U and (.)%, be a set of operator from P(U) to 
P(U) x P(U) (P(U) is the set of all subsets of U). For a subset _X C U, the neutrosophic nano local function 
Xx, t(F’)) of X is the union of all neutrosophic nano points (NNP, for short) C'(a, 3, y) such that 
Xv, tm(F)) = ViCl(a, 8,7) €U: XG ¢ Ifor all G € N(C(a, 6, 7))}. We will simply write Xx, for 
Xi(D, w(P). 


Example 2.2. Let (U, T\(F’)) be a neutrosophic nano topological space with an ideal J on U and for every 
XU: 


(i) If T= {0}, then X*%- = Nel(X), 
(ii) If 1 = P(U), then X%- = 0.. 
Theorem 2.3. Let (U, t,(f)) be a NNT with ideals J, I’ on U and X, B be subsets of U. Then 
Gi) X CBS Xj, C By, 
(iy rerSs 2) ex 1). 
(iii) Xx, = Nel(X4,) C Nel(X) (Xj, is a neutrosophic nano closed subset of Ncl(X)), 
(iv) (XW )iv CXR 
(v) X*-U Bt = (X UB), 
(vi) Xf — By = (X — By — BY C (X — BY, 
(vil) VC m™w(F) SV AX HVA(VAX), C(VAX)% and 
(il) Jol Ss (XUJt = Xt = (KX — SK. 


Proof. (2) Let X C Banda € Xj;,. Assume that a ¢ By. We have Gy M B € I for some Gy € Gy/(a). 
Since Gy NX C Gyn BandGyAB € I, we obtain Gyn xX € I from the definition of ideal. Thus, we 
have a ¢ XX;. This is a contradiction. Clearly, X%, C By. 

(az) Let I C I’ anda € Xjx-(/’). Then we have Gy NX € I’ for every Gy € Gyy(a). By hypothesis, we 
obtain Gy NX €I.Soa€ Xj,-(1). 

(izt) Leta € Xx. Then for every Gy € Gy(a),Gy AX € I. This implies that Gy MX #¢ Or. Hence 
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ae Ncl(X). 

(iv) From (izt), (Xx-)ir GC Nel(Xj,) = X};, since XX; is a neutrosophic nano closed set. 

The proofs of the other conditions are also obvious. 

Theorem 2.4. If (U, 7-(F’), [) is a NNT with an ideal J and X C X;j,, then XX, = Ncl(Xj,) = Ncl(X). 
Proof. For every subset X of U, we have Xx; = Ncl(X*) C Ncl(X), by Theorem 2.3. (iii) X C Xx, implies 
that Ncl(X) C Nel(X%,) and so XX, = Nel(X4-) = Nel(X). 


Definition 2.5. Let (U, t(F’)) be a NNT with an ideal J on U. The set operator Vcl* is called a neutro- 
sophic nanox-closure and is defined as Ncl*(X) = X U Xj; for X C a. 


Theorem 2.6. The set operator Vcl* satisfies the following conditions: 
(i) X C Nel*(X), 
(ii) Ncl*(0O.) = O. and Nci*(1.) = 1K, 
(iii) If X C B, then Ncl*(X) C Ncl*(B), 
(iv) Ncl*(X) UNcl*(B) = Ncl*(X U B). 
(v) Ncl*(Ncl*(X)) = Nel*(X). 


Proof. The proofs are clear from Theorem 2.3 and the definition of Nci*. 

Now, tr (F')*(, w(F)) ={V CU: Ncl*(U-—V) =U —-V}. mw(F)*U, m(F)) is called neutrosophic 
nanox-topology which is finer than ty-(F') (we simply write tT, (F’)* for ty (F’)*(7, mv(F’))). The elements of 
ty (F)*(I, t(F’)) are called neutrosophic nanox-open (briefly, \/-open) and the complement of an NV x-open 
set is called neutrosophic nanox-closed (briefly, \V*-closed). Here Ncl*(X) and Nint*(X) will denote the 
closure and interior of X respectively in (U, Ty (F’)*). 

Remark 2.7. (1) We know from Example 2.2 that if J = {0.} then Xx, = Ncl(X). In this case, Ncl*(X) = 
Ncl(X). 

(iz) If (U, ty (F), [) isa NNI with J = {02}, then my(F)* = tr (F). 

Definition 2.8. A basis G(/, ty(F’)) for t(F’)* can be described as follows: 

BU, tm™t(F)) ={X —B:X €m(F),BeE I}. 

Theorem 2.9. Let (U, 7,(f’)) be a NNT and J be an ideal on U. Then 6(1, t(F’)) is a basis for try (F’)*. 


Proof. We have to show that for a given space (U, T\(F’)) and an ideal J on U, 6(1, t(F’)) is a basis for 
Ty (F')*. If BU, t,(F)) is itself a neutrosophic nano topology, then we have G(I, ty(F’)) = t(F')* and all the 
open sets of 7,(F’)* are of simple form X — B where X € tTy(F’) and B € I. 
Theorem 2.10. Let (U, t-(’), 1) be a NNT with an ideal J on U and X CU. If X C Xj, then 


(i) Nel(X) = Nel*(X), 
(ii) Nint(U — X) = Nint*(U — X). 


Proof. (7) Follows immediately from Theorem 2.4. 
(ii) If X C X%,, then Ncl(X) = Ncl*(X) by (i) and so U — Nel(X) = U — Ncl*(X). Therefore, 
Nint(U — X) = Nint*(U — X). 
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Theorem 2.11. Let (U,7,(F’), ) be a NNT with an ideal J on U and X C X. If X C XX, then 
Xi = Nel (Xf) = n-cl(X) = Nel*(X). 


Definition 2.12. A subset A of a neutrosophic nano ideal topological space (U, ty (F’), I) is N*x-dense in 
itself (resp. V*-perfect) if X C Xj; (resp. X = X%,). 


Remark 2.13. A subset X of a neutrosophic nano ideal topological space (U, Ty(F’), I) is N*-closed if 
and only if X,, C X. 
For the relationship related to several sets defined in this paper, we have the following implication: 


N «-dense in itself = \*-perfect = N*-closed 


The converse implication are not satisfied asthe following shows. 





Example 2.14. Let U be the universe, X = {P,, Po, Ps, Ps, Ps} CU, U/R = {{P,, Po}, {P3}, {Pa, Ps}} 
and tTy(F’) = {1.,0., N,N, B} and the ideal J = O.,1.. For X = {< P,, (.5,.4,.7) >, < Py, (.6,.4,.5) > 
- Ps, (.4, O, A) Paes FA, ce 3, A) ea SS Ps, cr O, 2) ae N(X) = eee acer Tu ? 

N(X) = {483, cep ees) BUX) = {3 oe ES}. ET = 0, then X%, = Nel(a). Thus 
X C Xj. Hence X is N*-dense but not \V*-perfect. 


If J = 1. then Xx, = OV. Thus X D Xjx;. Hence Xx; is V*-closed but not \*-perfect. 














Lemma 2.15. Let (U, t(F’), 1) bea NNI and X C U. If_X is N'*-dense in itself, then Xx; = Nel(Xj,) = 
Ncl(X) = Nel*(X). 
Proof. Let X be Nx-dense in itself. Then we have X C Xx, and using Theorem 2.11 we getX;, = 
Ncl( Xjx,) = Nal(X) = Nel*(X). 


Lemma 2.16. If (U, t(F’), J) isa NNT with an ideal J and X C U, then X¥-(U, mw(F)) = X4-U, mw(F)*) 
and hence Ty (F")* = t(F')**. 


3 Ty(F')-codence ideal 


n this section we incorporated codence ideal [5] in ideal topological space and introduce similar concept in 
neutrosophic nano ideal topological spaces. 


Definition 3.1. An ideal J in a space (U, Ty(F’), I) is called T,(F')-codense ideal if Ty (fF) NI = {00}. 
Following theorems are related to T,-(F’)-codense ideal. 


Theorem 3.2. Let (U, t(F), 1) be an NNI and I is t,;(F')-codense with ty-(F’). Then U = U;x,. 
Proof. It is obvious that Ux, C U. For converse, suppose a € U but a ¢ Ux,. Then there exists G, € Ty (F')(a) 
such that G, 1U € I. That is G, € J, a contradiction to the fact that ty(F’) AJ = {0.}. Hence U = Ux,. 


Theorem 3.3. Let (U, 7,(f), J) be a NNI. Then the following conditions are equivalent: 
i) U =U%,. 
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(ii) ty(F) NI = {02}. 


(iii) If J € J, then Nint(J) = Ox. 


(iv) For every X € ty (F’), X C Xx. 


Proof. By Lemma 2.16, we may replace ‘ty(F")’ by ‘ty (F')*’ in (2), “Nint(J) = 0’ by ‘Nint*(J) = OX’ 
in (477) and ‘X € Ty(F’)’ by ‘X € tT (F)*’ in (iv). 


4 


Conclusions 


this paper, we introduced the notion of neutrosophic nano ideal topological structures and investigated some 
relations over neutrosophic nano topology and neutrosophic nano ideal topological structures and studied some 
of its basic properties. In future, it motivates to apply this concepts in graph structures. 
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Abstract.In this paper, we introduced a new concept of single valued neutrosophic graph (SVNG) known as constant single valued 
neutrosophic graph (CSVNG). Basically, SVNG is a generalization of intuitionistic fuzzy graph (IFG). More specifically, we described 
and explored somegraph theoretic ideas related to the introduced concepts of CSVNG. An application of CSVNG in a Wi-Fi network 
system is discussed and a comparison of CSVNG with constant IFG is established showing the worth of the proposed work. Further, 
several terms like constant function and totally constant function are investigated in the frame-work of CSVNG and their characteristics 
are studied. 

Keywords.Single valued neutrosophic graph. Constant single valued neutrosophic graph; constant function; totally con- 


Stant function; W1-Fi network. 


1. Introduction 

Dealing with uncertain situations and insufficient information requires some high potential mathematical tools. 
Graph theory is one of the mathematical tools which effectively deals with large data. If there are some of uncer- 
tainty factors, then fuzzy graph is the appropriate tool to be used. In addition to its ability of handling large data, 
graph theory has a special interest as it can be applied in several important areas including management sciences 
[19], social sciences [17], computer and information sciences [41], communication networks [18], description of 
group structures [39], database theory [26]and economics [25]. 


The concept of fuzzy set (FS) proposed by Zadeh [46] is among the famous toolsdealing with uncertain situations 
and insufficient information. After, Kaufmann [20] introduced the notion of fuzzy graph. A comprehensive study 
on fuzzy graphs is done by Rosenfeld [40]in which he shown some of their basic properties. The work in the field 
of graph theory is exemplary during the past decades as its concepts are applied in many real-life problems such 
as cluster analysis [14,6,45,30], slicing [30], for solving fuzzy intersecting equations [31,29], in some theory of 
data base [26], in networking problems [27], in the structure of a group [43, 32], in chemistry [44], in air trafficking 
[35], in the control of traffic [34] etc. The worth of FG lies in its capability of handling with uncertainties and it 
has done so far better but Atanassov [1] proposed that FSs only deals with one sided uncertainties which is not 
enough as human nature isn’t limited to only yes type or no type problems. Hence the logic of intuitionistic fuzzy 
set (IFS) have been developed sufficient to deal with uncertainties of both yes and no types. Atanassov’s IFS gave 
rise to the theory of IFG proposed by Parvathi and Karunambigai [36]. The structure of IFG is advanced and is 
applied successfully social networks [13], clustering [23], radio coverage network [21] and shortest path problems 
[32] etc. Furthermore, Parvathi et al [36-28] did some work on constant IFGs and operations of IFGs. The concept 
of intuitionistic fuzzy hypergraphs (IFHGs) was proposed by Parvathi et al. [37] which were applied in real life 
problems by Akram and Wieslaw [3]. NagoorGani and Shajitha [15] wrote about degree, order and size for IFGin 
2010. Akram and Davvaz [2] gave the concept of strong IFG. 


Smarandache in 1995 develop the neutrosophic logic which give rise to a novel theory of neutrosophic set (NS) 
[42] which give rise to the development of single/double and triple valued NSs [16,22,24]. Broumi et al initiated 
the concept of single-valued neutrosophic graph (SVNG) [7]. Work on the operations of SVNG can be found in 
[5]. Note on the degree, order and size of SVNG is present in [8].Recently, Broumi et al[47]introduced a single- 
valued neutrosophic techniques for analysis of WIFI connection. The hypergraph 1.e. single-valued neutrosophic 
hyper graph 1s introduced in [4]. Neutrosophic sets and graphs have ben widely studied in recent decades. Various 
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real life applications are discussed using neutrosophc techniques. For development in neutrosophic sets and graphs 
and their applications, one is refer to [9-12, 48-67,68-71]. 


In this paper, we introduced the concept of CSVNG and investigated some graph theoretic ideas related to this 
introduced concept. An application of CSVNG in a Wi-Fi network system is discussed and a comparison of 
CSVNG with constant IFG is established in order to show the worth of the proposed concept. 


The rest of the paper is organized as follows. In Section 2, we recalled the necessary basic concepts and properties 
of IFG, CIFG and SVNG.In section 3, the concept of CSVNG is described and some related graph theoretic ideas 
are explored. In Section 4, we discussed the characteristic of CS VNGs, while section 5 deals with an application 
of CSVNGs in W1-Fi network system. Finally, advantages and concluding remarks are discussed. 


2 Preliminaries 


This section is basically about some very basic definitions. The concepts of IFG, CIFG and SVNG are discussed 
and explained with the help of some examples. For undefined terms and notions, we refer to [5, 8, 35, 36]. 


Definition 1 ae A Pair G = (V,E) is said to be IFG if 

(i) = {¥1,V>,V3,..V,} are the set of vertices such that T,: V — [0, 1] and F,: V — [0, 1] represents 
+e degree of membership and non-membership of the element V; € V respectively with a condition 
that 0 < T,(¥;) + F,(V,;) < 1 forall V; EV, GE). 

(ii) E © V x V where T,: V X V — [0, 1] and F,: V x V — [0, 1] represents the degree of membership 
and non-membership of the element (¥;,7;) € E such that T,(¥;, ¥;) < min{T,(¥;), T,(¥,)} and 
F,(¥;,¥,)) < max{F,(¥;,), F,(¥,)} with a condition 0 < T,(¥;,¥;) + F.(¥,¥,) < 1 for all 
(¥;,% v;) EEE). 


Example 1.Let G = (V,E) be an IFG where V = {¥,, V2, V3} be the set of vertices and E = {¥,75, 7,73, 7,73} 
be the set of edges. Then 


¥, (0.4, 0.5) 





(0.5,0.3) © (0.6, 0.3) 
V3 (0.5, 0.3) V2 
Figure 1 (IFG) 


Definition 2 [28].A pair G = (V,E) is said to be Constant—IFG of degree (K;, kj) or (K;, k;) — IFG If 


di (¥;) =k, d (¥)) = KV, ¥, €V. 


Example 2. Let G = (V,E) be an IFG where V = {¥,, 15,73, V4} be the set of vertices and E = 
{V1V2,V¥2V3,V3V4,V,V,} be the set of edges. Then 
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(0.4, 0.5)y, (0.3, 0.5) _ (0.3, 0.6 
ny rc) 
° iS 
Vv ° 
S uy 
(0.5, 0.3) (0.5, 0.5} 





(0.3, 0.5) 


Figure 2 (Constant—IFG of degree (K;, ;)) 
The degree of V1, Vz, V3, V4 is (0.5, 1.0). 


Definition 3 [7].A pair G = (V, E)is said to be as SVNG if 

(i) V = {¥1,¥5, V3, ...V,}are the set of vertices such that T,: V — [0,1], 1: V — [0,1] andF,: V — [0,1] 
denote the degree of membership, indeterminacy and non-membership of the element V;; € V respec- 
tively with a condition thatO < T, +1,+F, <3 forall¥; EV, (i € J). 

(ii) ESV x VwhereT,: V x V — [0,1], I,:V x V — [0,1] andF,: V x V — [0, 1] denote the degree of 
membership, abstinence and non-membership of the element (¥;, v;) € E such that T,(¥;, v;) < 
min{T,(¥;), T2(¥,)}, L(v.,¥,) = max{i,(,), (¥,)} and F,(¥;,¥,) = max{F,(¥;), F2(¥,)} witha 
condition 0 < T2(¥;,¥;) + 1.0%, 9;) € +F2(¥,¥;) < 3 forall (¥,,¥,) € E, G € D. 


Example 3.Let G = (V, E) be aSVNG where V = {V1,V2,V3, V4} be the set of vertices and E= 
{V1V2,V2V3,V3V4,V4V1,} be the set of edges. Then 


(0.4, 0,.6,0.7) | (ea c7 e (0.6, 0.4, 0.6) 
V V2 
= So 
S ES 
~ © 
G 5 
~ © 
Ss £0 
(0.6, 0.3, 0.4) ¥, ¥, (0.7, 0.4, 0.6) 
(0.5, 0.6, 0.7) 


Figure 3 SVNG 
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3 Constant single valued neutrosophic graph 


In this section, the concept of CSVNG is introduced and supported with some examples. We discussed some 
related terms like completeness, total degree and constant function and exemplified them. Some results are also 
studied related to completeness and constant functions. 

Definition 4. A pair G = (V,E) is said to be constant—SVNG of degree (K;, Kj, K;, )or (K;, K,, Ky) — SVNG.If 

di (Vj) = Kj, di(¥;) = k,, anddp (Vx) = K, VV, Vj, VE € V. 

Example 4.Let G = (V,E) be a SVNG where V = {¥1, V2, V3, V4} be the set of vertices and E = 
{V1V2,V2V3,V3V4,V,V,} be the set of edges. Then CSVNG is shown in the below figure 4. 


ee ‘0.4. 0.6.0.8 . | 
(0.6, 0.6, 0.94 a V2 (0.7, 0.5, 0.4) 


($0 “L'0 “S$ 0) 
($°0 ‘L°0 *S0) 


v4 


V3 . 
(0.5, 0.3, 0.7) (0.5, 0.5, 0.6) 


(0.4, 0.6, 0.8) 


Figure 4 (Constant-SVNG of degree (Kj, kj, kx)) 
The degree of 1, V2,V3, V4 iS (0.9, 1.3, 1.6). 
Remark 1. A complete SVNG may not be a constant-SVNG. 


Example 5.Consider a graph G = (V,E) where V = {11,1-3, "3, V4} be the set of vertices and E = 
{VV2, V2V3,V2V 4. V1V3,V3V 4) V4Vy} be the set of edges. Then 


Vi 


(0.5, 0.7, 0.8) 







(0.4, 0.5, 0.6)" oe ¥2(0.6, 0.5, 0.7) 


(0.5, 0.7,0.8) 


(0.7, 0.4, 0.6) 


V3 


Figure 5 (G is complete but not Constant-SV NG) 
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Definition 5. The total degree of a vertex V in aSVNG is defined as 


> 6.0 +T0,) GO+h@, > de, + Fi ) 
veE veE veE 

If every vertex has the same total degree, then it is called SVNG of total degree or totally constant SVNG. 
Example 6.Consider a graph G = (V,E) where V = {¥1, 72, V3, 7} be the set of vertices and E = 
{V1V2,V¥2V3,V3V4,V,V,} be the set of edges. Then 


td(v) = 





(0.6, 0.6, 0% (0.5,0.6,0-)  ¥2_(96,06,0.4) 


(90 90 ‘$'0) 
(90 9°0 ‘$'0) 


“ee v3 (0.6, 0.6, 0.5) 
(0.5, 0.6, 0.6) 3 
Figure 6 (SVNG) 


Constant SVNG of total degree (1.6, 1.8, 1.7). 


Theorem 1. If G be a SVNG. Then (T,, I,, F,)is a constant function iff the following are equivalent. 


(1) Gis a constant SVNG. 

(11) Gis a totally constant SVNG. 
ProofLet (T,,1,,F,) be a constant function and T,(¥) = ¢,, 1,(¥) = ¢5, andF,(¥) = ¢, for all ¥; € V. Where 
CC, and ¢3 are constants. Suppose that G is a (K;, ;, Ky) — CSVNG. Then d+(V;) = &,, dV) = Kz and 
dp (¥;) = K; for all ¥; € V. Therefore, td(¥;) = dV) +71). th) = GW) +1, and td) = 
dp(¥;) + Fy (¥;) for all ¥; € V, thy (V;) = K, + ¢,, td (V;) = K+ Cp and tdp(V,) = Kz + ¢3for all ¥; € V.Hence 
G is a totally constant SVNG. 
Now, Assume that G is a (Tj, 1,, F,)-totally constant SVNG. Then td;(¥;) = r,, td;(¥;) = rp and tdp(¥;) = r3 
for all Vj EV. GW) +71) =r GO) +e =r GW) = — é, similarly) +h) =r, GW) = 
r, — Cc, and dp(V,;) + F,(V;) = rs, dg(V;) = r3 — €3. Therefore, G is a constant SVNG. Hence (i) and (ii) are 
equivalent. 
Conversely, assume that (1) and (11) are equivalent That is G is a constant SVNG iff G is a totally constant SVNG. 
Assume (T,,1,,F,) is not a constant function. Then T,(¥,) # T,(¥,), 1,(7,) #1,(¥,) and F, (7) # F,(¥,.) for 
at least one pairof vertices ¥,,¥, € V. Consider G be a (K;,K;,K;,) —SVNG. Then, T,(¥,) = T,(¥2) = 
K,, 1,074) = 1, (V2) =k, and F,(V,) = Fy(V2) = Kz . So, td; (V1) = di (Vy) + T,(¥,) =k, + T,(¥,), and 
td;(V2) =k, +7T,(¥2). Similarly ,td(V,) =k,+h(%,),tdW2) =k.+1,(%2) and tde(v¥,) =k, + 
F,(¥,), tdp(V¥2) = K& + F,(¥2) .Since T,(¥,) # T1(¥2) , 1,07.) 1,0.) and F,(¥,) + F,(@). We have 
td;(V,) # td; (V2), tdi(V,) #4 td;(V2)and tdp(V,) # tdg(V2). Therefore, G is not totally constant SVNG which 
is contradiction to our supposition. 
Now, consider G be a totally constant SVNG. Then, td;(¥,) = td;(¥2),d;(¥,) + T(,) = d> (V2) + TW), 
df; (¥,) — de(V2) = TV) — T(V,) (i.e. ONG) # de (V2) . Similarly div) #4; (v2) and dp(v,) + 
d;(V,). , Gis not constant which is contradiction to our assumption. Hence (Tj, 1,, F,) is constant function. 
Example 7.Consider a graph G = (V,E) where V = {¥,, 72,73, V4} be the set of vertices and E = 
{V1V2,V¥2V3,V3V4,V,V,} be the set of edges. Then 


N. Jana, L. Zedam, T. Mahmood, K. Ullah, S. Broumi and F. Smarandache. Constant single valued neutrosophic 
graphs with applications 


80 Neutrosophic Sets and Systems, Vol. 24, 2019 


(0.4, 0.7, 0.8} 


(0.5, 0.6, 0.8) 7 ¥2 (0.5, 0.6, 0.8) 
[) S 
* w 
© 
° & 
. © 
~ & 
\O 
y 407.08 y 
(0.5, 0.6, 0.87 Pet OF) *(0.5, 0.6, 0.8) 


Figure 7. SVNG 


(T,,1,, F,)is a constant function, then G is constant and totally constant. 
Theorem 2. Let G is constant and totally constant then (T,,1,, F,) is a constant function. 


Proof. Assume that G be a (K;, K;, Ky) —constant and (r,,Frz,r3) —totally constant SVNG. Therefore, d;-(V,) = 
K,, (V1) = Kand dp(¥,) = Kz for ¥, € V and td;(¥,) = Th td)(¥,) =r,and tdp(¥,) = rz forall VE V. 
T,(¥) + &, =r, forall’ € V. T,(¥) =r, — &, for all ¥ € V. Hence T,(¥,) is a constant function. Similarly 
L(@) =r, —& and F,(¥) =r; — k, forall € V. 


Remark 2. Converse of the above theorem 2 is not true. 


Example 8. Consider a graph G = (V, E) where V = {11, 1-3, "3, Va} be the set of vertices and E = 
{V1V-2, V2V'3,V3V 4, V4V1} be the set of edges. Then 


(0.4, 0.7, 0.9) 


(0.6, 0.4, 0.8) (0.6, 0.4, 0.8) 
a "7 
S 
i UI 
a) . 
uo o 
° wn 
N ° 
° 00 
& ~ 
Vv Vv | ae 
(0.6, 0.4, 0.8) — * (0.6, 0.4, 0.8) 


(0.3, 0.6, 0.8) 
Figure 8. SVNG 
(T,,1,, F,)is a constant function But neither constant SVNG nor totally constant SVNG. 
4 Characterization of constant SVNG on a cycle 
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This section is based on some important results on even (odd) cycles, bridges in SVNGs and cut vertex of even 
(odd) cycle. The stated results are supported with some examples. . 


Theorem 3. If G is an SVNG where crisp graph G is an odd cycle. Then G is constant SVNG iff (T3,1,, F,) isa 
constant function. 
Proof. Suppose (T2, I, Fz) is constant function T, = ¢,, I, = ¢2, and F, = ¢; for all (¥;,¥,;) € E. Then dy (¥;) = 
2¢,,d;(¥;) = 2¢, and d,(¥;) = 2¢ for all ¥. € VSoG is constant SVNG. 
Conversely, assume that G is (K,, K,,K3) —regular SVNG. If e,, &, &3...82,4, be the edges of G in that order. If 
T,(e,) = ¢,, T2(e2) = K, — ¢,, T2(e3) = K, — (RK, — €,) = ¢,,T2(e4) = K, — €, and so on. Likewise, I,(e,) = 
C2, 1,(@2) = Ky — 2, In(e3) = Ky — (Rp — C2) = C2 1 (e4) = Ky — Cy and F,(e,) = 63, Fy (ez) = Kz — C3, 
F,(e3) = Kz — (K3 — €3) = €3, F,(e,) = K3 — €3 and so on. Therefore 

C,,if iis odd 

De a — ¢,,if iis even 
Hence T,(e,) = T(@2n41) = C1. So, if e, and 2,41 incident at a vertex V,, then d;(¥V,) = K,,d(e,) + 
C(Crns1) = Ky Cy $y = Ky, 2C, = Ky, Cy = = 
Remark 3. The above theorem (3) is not true for totally constant SVNG. 


Example 8.Consider a graph G = (V,E) where V = {¥,, 75, 3} be the set of vertices and E = 
{V1,V2,V¥2V3,V3V,} be the set of edges. Then 


(0.5, 0.7, 0.4) 





(0.5, 0.3, 0.5). _ (0.7, 0.4, 0.6) 
"3 (0.4, 0.8, 0.7) V2 


Figure 9. SVNG 


(T,,1,, F,)is constant function but not totally constant. 

Theorem 4. If Gis an SVNG where crisp graph G is an even cycle. Then G is constant SVNG iff ei- 
ther (T,, 15, F,) is a constant function or alternative edges have same membership, indeterminacy and non-mem- 
bership values. 

Proof. If (T,1,, F2) is a constant function then G is constant SVNG. Conversely, assume that G is 
(k,,k,,k3) —constant SVNG. If e,,e2,€3...e, be the edges of even cycle G in that order. By using the above 


= C1,if tis odd ‘ ={ C>,if tis odd 
mere)» We i: —¢,,if iis even $’ Die kK, — ¢5,if iis even 
And 
C3,if tis odd 


F (ei) = :. — ¢3,if iis even 
ternative edges have same membership, indeterminacy and non-membership values. 
Remark 4.The above theorem (4) is not true for totally constant SVNG. 


} If ¢, = K, — ¢,, the (T,, 1, F,) is constant function. If ¢, # &, — ¢, then al- 


Example 9.Consider a graph G = (V, E) where V = {11, 12, 3, V4} be the set of vertices and E = 

{V1V-2, V2V'3,V3V 4, V4V1} be the set of edges. Then 
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(O.4, O.F7, 0.6) 


(0.6, 0.7, 0.3)” Yo (0.6, 0.3, 0.5) 
= So 
“ ES 
, © 
* S 
=) 
5 S 
V4 V3 
(0.6, 0.5, 0.5) (0.5, 0.4, 0.5) 


(0.4, 0.7, 0.6) 
Figure 10.SVNG 


(T,,1,, F,)is constant function, then G is constant SVNG. But not totally constant SVNG. 

Theorem 5. If G is constant SVNG is an odd cycle does not have SVN bridge. Hence it does not have SVN cut- 
vertex. 

Proof. Suppose G is constant SVNG is an odd cycle of its crisp graph. Then (T>,[,, F,) is constant function. 
Therefore removal any edge does not reduce the strength of connectedness between any pair of vertex. Therefore 
G has no SVN edge and Hence there is no SVN cut vertex. 

Remark 5. For totally constant the above theorem (5) is not true. 


Example 10. Consider a graph G = (V, E) where V = {y,, 1", 1-3} be the set of vertices and E = 
{V-1V-2,V2V3,V3V1} be the set of edges. Then 


(0.6, 0.7, 0.5) 
V4 






Vs 


. 
(0.5, 0.5, 0.4) * (0.4, 0.5, 0.4) 


(0.4, 0.7, 0.6) 
Figure 11 .SSVNG 


(Ty, I,, F, )is constant function, but neither SVN bridge nor SVN cut vertex. 


Theorem 6. If G is constant SVNG is an even cycle of its crisp graph. Then either G does not have SVN bridge 
also it does not have SVN cut vertex. 


Proof. Straightforward. 


Remark 6. For totally constant the above theorem (6) is not true. 
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Example 11.Consider a graph G = (V,E) where V = {11, 2, V’3, V4} be the set of vertices and E = 
{V-1V-2, V2V'3, V3V'4, V4} be the set of edges. Then 


' | (0.7, 0.8, 0.6) 
se tes ee (0,4, 0.8, 0.7) 
V4 ay, 


(Z°0 ‘8°0 ‘v'0) 
(Z°0 ‘8°0 ‘v’0) 


(0.7, 0.5, 0.4)"4 3 (0.5, 0.4, 0.6) 
(0.4, 0.8, 0.7) 


Figure 12.SVNG 
(5s I,, F, is constant function, but neither SVN bridge nor SVN cut vertex. 
5 Application 


In this section, we applied the concept of CSVNG to model a Wi-Fi system. It is discussed how the concept of 
CSVNGs is useful in modelling such network. 


The Wi-Fi technology that is connected to the internet can be employed to deliver access to devices which are 
within the range of a wireless networks. The coverage extension can be as small area as few rooms to large as 
many square kilometres among two or more interconnected access points. The dependency of Wi-Fi range is on 
frequency band, radio power production and modulation techniques. Paralleled to traditional wired network secu- 
rity which is wired networking, simplified access is basic problem with wireless network security, it is essential 
that one either gain access to building (connecting/ relating into interior web tangibly), or a break through an 
exterior firewall. To facilitate Wi-Fi, one essentially require to be within the range of W1-Fi linkage. The solid Wi- 
Fi hotspot device is the internal coin Wi-Fi which is designed to aid all internal setting owners. Make available 
100 meters W1-Fi signal range to outdoor and 30 meters to indoor. With the help of CSVNG this type of W1-Fi 
linkage is deliberated and demonstrated. 


The CSVNG is useful to a Wi-Fi network. The purpose for doing this is that there are three values in aCSVNG. 
The first one signifies connectivity, the second one defined the technical error of the device such as device is in 
range but changes between the connected and disconnected state and the third value indicates the disconnectiv- 
ity. The notion of IFG only permits us to model two states such as connected and disconnected, a Wi-Fi system 
cannot be demonstrated using this confined structure of IFG. Though the CSVNG deliberate more than these two 
similarities. 


An outdoor Wi-Fi co-ordination, comprises four vertices which characterise the Wi-Fi devices in such a way that 
there is a block between each two routers and collectively both routers have been giving signals to the block, given 
away in figure (13). The devices can provide signal to each block with the help of CSVNG persistently. 
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4 | v 
1 (0.4, 0.7, 0.3) e 





(0.5, 0.8, 0.8) 
(s°0 ‘80 ‘S0) 


(0.4, 0.7, 0.8) 


Figure 13.SVNG. 


In figure 13, the four apexes denotes four different routers. The edge displays the signal strength of routers between 
each two routers. Each edge and apex take the single valued neutrosophic number form where the first value 
denotes the connectivity, the second one defined the technical error of the device, changes between the connected 
and disconnected state while the device is in range but, and the third value displays the disconnectivity. By using 
definition 4, the degree of every vertex is deliberated. In this situation which characterises that all router has been 
giving the same signal, so the degree of all routers is same. This also indicates that each router providing the same 
signal to the block. As a consequence, the concept of CSVNG displaying its importance, has been exercised to 
practical operations effectively. 


Table 1 shows the degree of each vertex of figure 13. 


vertex Degree 
V4 (0.9, 1.5, 1.6) 


V3 (0.9, 1.5, 1.6) 


V3 (0.9, 1.5, 1.6) 


- ” ° 


Table 1 .vertex and its degree 





Advantages: 


The advantages of SVNGs over prevailing concepts of IFGs is due to the enhanced structure of SVNGs which 
allows us to deal with of more than two types ambiguous condition as it is done in the present situation of Wi-Fi 
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system. While the IFG allow only to deal with two states connected and disconnected which means that IFGs 
cannot be employed to model the Wi-Fi system. 


Conclusion: 


The conception of CSVNG has been developed in this paper. With the help of examples, basic graph theoretic 
ideas such as degree of CSVNG, constant functions, totally CSVNG and characterization of CSVNG on a cycle 
are proved. That notion of CSVNG have been applied to a real-world problem of Wi-Fi system and the conse- 
quences are deliberated. A comparison of CSVNG with CIFG have showed the worth of CSVNGs. Further, in 
the proposed frame work, implementations in the field of engineering and computer sciences can be considered 
in near future. 
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Abstract: This article introduces the concept of neutrosophic b* ga-closed sets, neutrosophic b* ga-border of a set, 
neutrosophic 6* ga-frontier of a set in neutrosophic topological spaces and the properties of these sets are discussed. 
The connection between neutrosophic b* ga-border of a set and neutrosophic b* ga-frontier of a set in neutrosophic 
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1 Introduction 


Neutrosophic set initially proposed by Smarandache[8, 9] which is a generalization of Atanassov’s[11] in- 
tuitionistic fuzzy sets and Zadeh’s[12] fuzzy sets. Also it considers truth-membership function, indeterminacy- 
membership function and falsity-membership function. Since fuzzy sets and intuitionistic fuzzy sets fails to 
deal with indeterminacy-membership functions, Smarandache introduced the neutrosophic concept in various 
fields, including probability, algebra, control theory, topology, etc. Later Alblowi et al.,[20] introduced neu- 
trosophic set based concepts in the neutrosophic field. These effective concepts has been applied by many 
researchers in the last two decades to propose many concepts in topology. Salama and Alblowi[3] proposed 
a new concept in neutrosophic topological spaces and it provides a brief idea about neutrosophic topology, 
which is a generalization of Coker’s[6] intuitionistic fuzzy topology and Chang’s[5] fuzzy topology. 


Salama et al.,[4, 1, 2] introduced the generalization of neutrosophic sets, neutrosophic crisp sets and the 
neutrosophic closed sets in the field of neutrosophic topological spaces. Some neutrosophic continuous func- 
tions were introduced by Salama et al.,[2] as an initial continuous functions in neutrosophic topology. Further 
several researchers have defined some closed sets in neutrosophic topology, namely neutrosophic a-closed 
sets[10], neutrosophic ag-closed sets[7], neutrosophic b-closed sets[15], neutrosophic w-closed sets[19], gen- 
eralized neutrosophic closed sets[18] and neutrosophic azw-closed sets[13] in neutrosophic topological spaces. 
Recently Iswarya and Bageerathi[16] proposed a new concept of neutrosophic frontier operator and neutro- 
sophic semi-frontier operator in neutrosophic topological spaces, which provides the relationship between the 
operators of neutrosophic interior and neutrosophic closure. Vigneshwaran and Saranya[14] defined a new 
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closed set as b*ga-closed sets in topological spaces, and it has been applied to define some topological func- 
tions as continuous functions, irresolute functions and homeomorphic functions with some separable axioms. 


In this article, the notion of neutrosophic 6* ga-closed sets in neutrosophic topological spaces are intro- 
duced and investigated their properties and the relation with other existing properties. The concept of neutro- 
sophic 6* ga-interior, neutrosophic b*ga-closure, neutrosophic b* ga-border and neutrosophic b* ga-frontier are 
introduced and discussed their properties. The connection between neutrosophic b* ga-border and neutrosophic 
b* ga-frontier in neutrosophic topological spaces are established with their related properties. 


2 Preliminaries 


In this section, we recall some of basic definitions which was already defined by various authors. 


Definition 2.1. [3] Let X be a non empty fixed set. A neutrosophic set F is an object having the form EF = {< 
x,mvu(E(x)),iv(E(2)),nmv(E(x)) > V « € X}, where mv(E(x)) represents the degree of membership, 
iu(E(x)) represents the degree of indeterminacy and nmv(E(x)) represents the degree of non-membership 
functions of each element x € X to the set F. 


Remark 2.2. [3] A neutrosophic set EF = {< x,mv(E(2)),iv(E(x)),nmv(E(2)) > Va © X} can be 
identified to an ordered triple < mv(E), iv(£), nmv(E) >in | 0,17] on X. 


Definition 2.3. [3] Let E and F' be two neutrosophic sets of the form, F = {< x, mv(E(x)),iv(E(x)),nmv(E(ax)) > 
Vae Xtand F={< 2,mv(F(2)),iv(F(2)),nmv(F(x2)) > V « © X}. Then, 


i) E C Fif and only if mv(E(x)) < mv(F(2)), wv(E(x)) < w(F(x)) and nmv(E(x2)) > nmv(F'(2)) 
Ve Xs 


i) & =F if and only if & C F'and F' C #, 
iii) H={< x,nmv(E(z)),1—iv(E(xz)),mv(E(x)) > V ce Xt, 


iv) FUP ={2,maz|\mv(E(2)), mv(F(2))], minliv(E(2)), iv(F(2))|, min|[nmv(E(2)), nmv(F(2))| 
VareE Xt}, 


v) EN F={2z,min|mv(E(2)), mo(F(2))|, mazrliv(E(2)), i(F(2))|, maz|inmv(E(x)), nmv(F(2))] 
Vae Xx}. 


Definition 2.4. [3] A neutrosophic topology on a non empty set X is a family 7 of neutrosophic subsets in X 
satisfying the following axioms: 


1) Ov, ln € 7, 
li) Gy MG» € T for any Gy, Go ET, 
iii) UG; Ee TV {G;:71E J} Cr. 
Then the pair (X,7) or simply X is called a neutrosophic topological space. 


Definition 2.5. [10] A neutrosophic set FE in a neutrosophic topological space (X, 7) is called 
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i) a neutrosophic semiopen set (briefly NSOS) if E C Nel(Nint(E)). 
ii) a neutrosophic a-open set (briefly NaOS) if EF C Nint(Nel(Nint(E£))). 
ili) a neutrosophic preopen set (briefly NPOS) if E C Nint(Ncl(E£)). 
iv) aneutrosophic regular open set (briefly NROS) if FE = Nint(Ncl(E)). 
v) aneutrosophic semipreopen or 5-open set (briefly NGOS) if EF C Nel(Nint(Nel(E))). 


A neutrosophic set & 1s called neutrosophic semiclosed (resp. neutrosophic a-closed, neutrosophic preclosed, 
neutrosophic regular closed and neutrosophic 5-closed) (briefly NSCS, NaCS, NPCS, NRCS and N6CS) if the 
complement of £ is a neutrosophic semiopen (resp. neutrosophic a-open, neutrosophic preopen, neutrosophic 
regular open and neutrosophic /-open). 


Definition 2.6. [15] Let E be a subset of a neutrosophic topological space (X,7). Then EF is called a neutro- 
sophic b(.N;.In brief)-closed set if |Ncl( Nint(E))| U[Nint(Ncl(E))] C E. 


Definition 2.7. [17] Let E be a neutrosophic set in a neutrosophic topological space (X,7). Then, 


i) Nint(E) =(J{F'| F is a neutrosophic open set in (X,7) and F C E} is called the neutrosophic interior 
of EB; 


ii) Ncl(E) =(){F| F is a neutrosophic closed set in (X,7) and F > E} is called the neutrosophic closure 
of F. 


3 Neutrosophic b*ga-closed sets 


In this section, the new concept of neutrosophic b* ga-closed sets in neutrosophic topological spaces was de- 
fined and studied. 


Definition 3.1. Let E be a subset of a neutrosophic topological space (X,7). Then E is called 


1) aneutrosophic ga-open set(V,,OS) if V C Naint(E) whenever V C FE and V is aneutrosophic a-closed 
set in (X,7T). 


11) aneutrosophic ga-closed set(NjaC'S) if Nacl(E) C V whenever EC V and V is a neutrosophic a-open 
set in (X,7). 


lii) a neutrosophic *ga-open set(N+, OS) if V C Nint(E) whenever V C E and V is a neutrosophic ga- 
closed set in (X,7T). 


iv) a neutrosophic *ga-closed set(N«,,C'S) if Ncl(E) C V whenever F C V and V is a neutrosophic 
ga-open set in (X,7T). 


Definition 3.2. Let FE be a subset of a neutrosophic topological space (X,7). Then E is called 


1) a neutrosophic b*ga-open set(Npx,aOS) if V C N,int(E) whenever V C E and V is a neutrosophic 
*ga-closed set in (X,T). 
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li) a neutrosophic b*ga-closed set(NoxgaC'S) if Nycl(E) C V whenever E' C V and V is a neutrosophic 
*ga-open set in (X,T). 


Example 3.3. Let X = {p,q,r} and the neutrosophic sets L and M are defined as, 


(P< i, (aks ire) aa oe Caieasteeaart, eM xe X}, 


MS a, (aie eae) arora ae Vae xX}. 


Then the neutrosophic topology 7 = {0y, L, M,1n}, which are neutrosophic open sets in the neutrosophic 
topological space (X,7T). 





i427 Gta a) Can 1/5 a0)? Gre enase) > VaeX}and 


B=4{<&, Gass» (ai 3710? eau Caaccaie > V GE XY. 


Then the complement of L, M/, N and £ are, 





Lat a, (Fa. Ha: +), (5. 4a Ze): Gite ane > V«reE Xt}, 





M={<z, Gece 3/5 i): Car Tio ae) (Coe oe > Vane X}, 


{< 2, Gaceaacaaa, Ge Ea) a) Gata) > VaeX}and 


2| 
I 








B={<z,( TOT oT) Can eee Cree, > VaxeEX}. 


Hence NV is a neutrosophic “ga-open set, N is a neutrosophic *ga-closed set, E’ is a neutrosophic b* ga- 
closed set, E’ is a neutrosophic b*ga-open set of a neutrosophic topological space (X,7). Since N,cl(E) 
Sam Ga 375 2) Gan 3/10 Te) Gan 710 7) > Va € X}, which is contained in N. That is 


Definition 3.4. Let E’ be a subset of a neutrosophic topological space (X,7). Then Nox,.-int(L) =U{F : F 
is neutrosophic b*ga-open set and F’ Cc E'}. The complement of Npx,.-int(E) is Noxga-cl(E). 


Remark 3.5. Let A be a subset of a neutrosophic topological space (X,7), then Np«gq-int(A) is Npxgq.-open 
in (X,T). 


Theorem 3.6. Jn the neutrosophic topological space (X,T), if a subset E is a neutrosophic closed set then it 
is a neutrosophic b* ga-closed set. 


Proof. Let E © V, where V is neutrosophic *ga-open in X. Since E is neutrosophic closed, Ncl(E) = E. 
But N,cl(E) C Nel(E) = E, which implies Nycl(E) C V. Therefore E is neutrosophic b* ga-closed set. 


The converse of the above theorem need not be true. It can be seen by the following example. 


Example 3.7. Let X = {p,q,r} and the neutrosophic sets L and M are defined as, 
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L={< Li, tiie ea) (aaa Te) Ganesan 7) > Vae DG 
Maree. (igh ae Gantasiaes | Goes rae) > VaeEXxh}. 


Then the neutrosophic topology 7 = {0,y, L,M,1y} and the complement of neutrosophic sets L and M 
are defined as, 


r 


Lela. Caneasn ag) Gare: ie ore) > VareX}, 








Me=l{<xa, (Gpia eae) Gime Canta 7b) > VaeEeXxh}. 








If B= {< x, (25. she ta): (aPas aha aha) (aa gaia) > Ve eX}. 


Then £& is a neutrosophic 6*ga-closed set but it is not a neutrosophic closed set of a neutrosophic topolog- 
ical space (X,7). Since Ncl(E) = M which is not equal to the neutrosophic set FE. 


Theorem 3.8. In the neutrosophic topological space (X,7), if a subset E is a neutrosophic pre-closed set then 
it is a neutrosophic b* ga-closed set. 


Proof. Let E C V, where V is neutrosophic *ga-open in X. Since E is neutrosophic pre-closed, N,cl( E) 
= FE. But Nicl(E) C N,cl(E) = E, which implies N,cl(E) C V. Therefore E is neutrosophic b* ga-closed 
set. 


Generally, the converse of the above theorem is not true. It can be seen by the following example. 


Example 3.9. From Example 3.7. the neutrosophic set & 1s a neutrosophic b"ga-closed set but it 1s not a 
neutrosophic pre-closed set of a neutrosophic topological space (X,7). Since Ncl(Nint(E)) = M which is 
not contained in the neutrosophic set . 


Theorem 3.10. Jn the neutrosophic topological space (X,T), if a subset E’ is a neutrosophic a-closed set then 
it is a neutrosophic b* ga-closed set. 


Proof. Let E C V, where V is neutrosophic *ga-open in X. Since E is neutrosophic a-closed, Nacl(E) = 
E. But Nycl(E) © Nacl(E) = E, which implies Nycl(E) C V. Therefore E is neutrosophic b*ga-closed set. 


Generally, the converse of the above theorem is not true. It can be seen by the following example. 


Example 3.11. From Example 3.7. the neutrosophic set & is a neutrosophic 6"ga-closed set but it 1s not a 
neutrosophic a-closed set of a neutrosophic topological space (X,7). Since Ncl(Nint(Ncl(E))) = M which 
is not contained in the neutrosophic set /. 


Theorem 3.12. Jn the neutrosophic topological space (X,7), if a subset E is a neutrosophic ga-closed set 
then it is a neutrosophic b* ga-closed set. 


Proof. Let LE C V, where V is neutrosophic *ga-open in X. Since every neutrosophic *ga-open set is 
neutrosophic a-open, V is neutrosophic a-open. Since E is neutrosophic ga-closed in X, Nacl(E) C V. But 


Nocl(E) C Nacl(E) CV, which implies Nycl(E) C V. Therefore E is neutrosophic b* ga-closed. 
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Generally, the converse of the above theorem is not true. It can be seen by the following example. 
Example 3.13. From Example 3.7. the neutrosophic set — 1s a neutrosophic b* ga-closed set but it is not a neu- 
trosophic ga-closed set of a neutrosophic topological space (X,7). Since N,-open set F = {< x, Gan YEUE a) 
(sft0> 3/10» 3710)» (Fo Fo» 770) > ~V we X}. 


Theorem 3.14. In the neutrosophic topological space (X,7), if a subset E is a neutrosophic *ga-closed set 
then it is a neutrosophic b* ga-closed set. 


Proof. Let E C V, where V is neutrosophic *ga-open in X. Since every neutrosophic *ga-open set is 
neutrosophic ga-open, V is neutrosophic ga-open. Since E is neutrosophic *ga-closed in X, Ncl(E) C V. 
But Nycl(E) C Nel(E) C V, which implies Nycl(E) C V. Therefore E is neutrosophic b* ga-closed. 


Generally, the converse of the above theorem is not true. It can be seen by the following example. 


Example 3.15. From Example 3.7. the neutrosophic set & is a neutrosophic 6*ga-closed set but it is not 
a neutrosophic *ga-closed set of a neutrosophic topological space (X,7). Since N,-open set G = {< 


(aig Tia» T7a0)> (s/to> 375° 3/10)» (apa sf apa) > Vee XY. 





Theorem 3.16. The union of any two neutrosophic b* ga-closed sets in (X,7) is also a neutrosophic b* ga- 
closed set in (X,T). 


Proof. Let E and F be two neutrosophic b* ga-closed sets in (X,7T). Let V be a neutrosophic *ga-open set 
in X such that EF C V and F CV. Then we have, EU F' CV. Since E and F are neutrosophic b* ga-closed 
sets in (X,T), which implies Nycl(E) © V and Nycl(F’') C V. Now, Nocl(EU F’) = Nycl(E)U Nycl(P) CV. 
Thus, we have N,cl(E UF’) C V whenever EU FC V, V is neutrosophic *ga-open set in (X,7) which 
implies E' U F is a neutrosophic b*ga-closed set in (X,T). 


Theorem 3.17. Let E’ be a neutrosophic b* ga-closed subset of (X,T). If E C F © Nycl(E), then F is also a 
neutrosophic b* ga-closed subset of (X,7T). 


Proof. Let F C V, where V is neutrosophic *ga-open in (X,T). Then E © F implies E C V. Since 
E is neutrosophic b*ga-closed, Nycl(E) C V. Also F © Nycl(E) implies Nycl(F) C Nocl(E). Thus, 
Nycl(F’) C V and so F is neutrosophic b* ga-closed. 


Theorem 3.18. Let E be a neutrosophic b*ga-closed set in (X,T). Then Nycl(E) — E has no non-empty 
neutrosophic *ga-closed set. 


Proof. Let E be a neutrosophic b* ga-closed set in (X,T), and F' be a neutrosophic *ga-closed subset of 
N,cl(E) — E. That is, F C Nycl(E) — E, which implies that, F C Nycl(E) 9 E. That is F © Nyel(E) and 
F C E, which implies E C F, where F is a neutrosophic *ga-open set. Since E is neutrosophic b* ga-closed, 
Nycl(E) C F. That is F C Nycl(E). Thus F C Ngcl(E) 9 Nycl(E£). Therefore F = ¢. 








4 Neutrosophic 6*ga-Border 


Definition 4.1. For any subset & of X, the neutrosophic 6*ga-border of Fis defined by 
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Nor ga[Bd(E)] = E \, Nysga-int(B). 


Theorem 4.2. In the neutrosophic topological space (X,7), for any subset E: of X, the following statements 
are hold. 


1) Nor ga|Bd()| = Nox ga|Bd(X )| = o) 

ii) EF = Noxga-int(E) U Noxgo|Bd(E)| 

iti) Noxga-int( EB) O Noxgo|Bd(E)| = 6 

iv) Noxga-tnt( EB) = E \ Noxgo|Bd(E)| 

v) Nox gaint (Nox ga|Bd( E)]) = 0) 

vi) Eis Noxgo-open iff Noxga|Bd(E)| = 

vii) Noxga|Bd( Noxga-tnt(E))| = 
viii) No*ga|Bd(Noxga|Bd( E)])| = Noxga|Bd( £)| 

ix) Noxga|Bd(E)| = EO Noxga-cl(X \ E) 

Proof. Statements i) to iv) are obvious by the definition of neutrosophic b* ga-border of E. If possible, let x © 
Nox ga-int( Nox ga|Bd(E)]). Then x Cc Nox ga|Bd(E)|, since Nox ga|Bd( £)| CG EB, US Nox ga-int( Nox ga|Bd(E)]) C 
Noxga-tnt(E). Therefore x € Noxgoa-int(E) A Noxga|Bd(E)|, which is the contradiction to iii). Hence v) is 
proved. E is neutrosophic b* ga-open iff Noxgo-int(E) = E. But Noxgo|Bd(E)| = E \ Noxga-[nt(E) implies 
Nox ga|Bd(E)| = . This proves vi) & vii). When E = Noxga|Bd(E)], then the definition of neutrosophic b* ga- 


border of E becomes Nyx ga|Bd( Noxga|Bd(E)]|)| = Nox gal Bd(E)|\ Noxga-int( Noxga|Bd(E)]|). By using vii), we 
get the proof of viii). Now, Nyxga|Bd(E)| = E\ Noxga-tnt(E) = EN(X\ Noxga-tnt(E)) = BO Nox ga-cl(X \ E). 


5 Neutrosophic 6*ga-Frontier 
Definition 5.1. For any subset & of X, the neutrosophic 6* ga-frontier of & is defined by 
IN pe Ge [Fr(E)| = Nox ga-Cl( E) \ Nox ga-int( E). 


Theorem 5.2. In the Neutrosophic topological space (X,7T), for any subset E of X, the following statements 
will be hold. 


i) NoxgalF'r(d)| = NoxgalF'r(X )] = 

ii) Noega-int(E) O NpxgalF'r(E)| = 

iii) NoxgalF'r(E£)| S Nox ga-cl(E) 

iv) Noxga-int(E) U Np«go[F'r(E)] = Nyega-cl(E) 
v) Nygacint(E) = E\ NygalFr(E)] 
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vi) If E is Nyx ga-closed, then E = Noxga-int(E) U NoxgalF'r(E)| 
vii) Fr(E£) = Fr( Norgo[Fr()| 
viii) If EF is Nyxga-open, then EO NoxgalF'r(E)| = 
ix) X = Noxga-cl(E) U Nox ga-cl(X \ E) 
x) If E is Nyxgo-open, then Noxga| Fr (Nox go-int(E))| C Noxgal[F'r()| 
xi) If F is Noxga-closed, then NoxgalE'r(Noxga-cl(E))| © NoxgalF'r(E)| 
xii) If Eis Noxga-open iff Noxgal ET (Noxga-int(E))| O Noxga-tnt(E) = 


Proof. Statements i) to vii) are true by the definition of neutrosophic b* ga-frontier of E.. By remark (3.5), If 
EF; is neutrosophic b*ga-open, E = Nyx gq-int(E) and by statement - ii), EO No«ga|F'r(E)| = ¢. Hence viii) 
is proved. statement ix) is obvious. Since Nogq-tnt(E) is Npxga-open, then Nox ga-int(E) = E, which implies 
Nox gal lr (Nox ga-int(E))| C NoxgalF'r(£)|. Similarly, xi) can be proved. By remark(3.5) and by statement-ii), 
xii) is straight forward. 


6 Connection between Neutrosophic 6*ga-Frontier and Neutrosophic 
b*ga-Border 


Theorem 6.1. In the neutrosophic topological space (X,7), for any subset E: of X, the following statements 
will be hold. 


i) NergalBd(E)] \ NergalF'r(E)] = ¢ 
ii) No«golBA(E)] © NoegalFr(E) 
iii) NycgalF'r(No-galBalE)])] = NexgalBd(E)] 
iv) Nocgal[Bd(NeegalFr(E)])| = No«galF'r(E)] 
v) If E is neutrosophic b*ga- open, then No«ga|Fr(E)| U Noxga|Bd(E)] = NoxgalF'r(E)| 
vi) Noegal Pr (E)] A Noxgo|Bd(E)] = No«go|Bd(E)|] 
vii) No-galF'r(E)] U NexgolBd(E)] = Novgo{Bd(E)] 
viii) NyxgolFr(E)] 1 NexgalBa(E)] = NoxgolF'r(E)] 


Proof. Statement i) to iv) are obvious by the definitions of Neutrosophic b* ga-Frontier and Neutrosophic b* ga- 
border of a set. Since E is Neutrosophic b* ga- open, then we have a statement from Neutrosophic b* ga-border 
of a set, Noxgo|Bd(E)| = , which implies Nox ga|F'r(E)|Ud = NoxgalF'r(£)|.Hence v) is proved. We know from 
statement - ii), Nyxga|Bd(E)| © NoxgalF'r(E)| which implies Nox go|F'r(E)| A Noxga|Bd(E)| = Noxga|Bd(E)]. 
It gives the proof of vi). By the above statement, Nyx go|Bd(E)] = NoxgalF'r(E)| A No«go|Bd(E)], and by using 
De Morgan’s law, Noxga|F'r(E)| A Noxga|Bda(E)| = NoxgalF'r(E)| U Noxga[Bd(E)], it gives the proof of vii). 
Similarly we can prove the statement viii). 
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Conclusion 


This article defined neutrosophic b*ga-closed sets in neutrosophic topological spaces and discussed some of 
their properties. Also neutrosophic b*ga-interior, neutrosophic 6*ga-closure, neutrosophic 6*ga-border and 
neutrosophic b*ga-frontier of a set were introduced and discussed their properties. The connection between 
neutrosophic 6*ga-border of a set and neutrosophic b*ga-frontier of a set in neutrosophic topological spaces 
were established. This set can be used to derive few more new functions of neutrosophic b* ga-continuous and 
neutrosophic 6* ga-homeomorphisms in neutrosophic topological spaces. In addition to this, it can be extended 
in the field of contra neutrosophic functions. 
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Abstract: Technique for order performance by similarity to ideal solution (TOPSIS) is a Multi-Criteria Decision- 
Making method (MCDM), that consists on handling real complex problems of decision-making. However, real 
MCDM problems are often involves imperfect information such as uncertainty and inconsistency. The imperfect 
information is often manipulated through Neutrosophics theory, using certain degree of truth (T), falsity degree (F) 
and indeterminacy degree(I). and thus single-valued neutrosophic set (SVNs) had prodded a strong capacity to model 
such complex information. To overcome that kind of problems, In this paper, first, the authors simplify the popular 
TOPSIS method to a lite TOPSIS (S-TOPSIS), that gives the same result as standard version. Second, mapping S- 
TOPSIS to Neutrosophics Environment, investigating SVNS, called nS-TOPSIS, to deal with imperfect information 
in the real decision-making problems. Numerical examples show the contributions of proposed S-TOPSIS method to 
get the same results with standard TOPSIS with simple way of calculus, and how Neutrosophic environment manage 
the uncertain information using SVN. 


Keywords: Technique for order performance by similarity to ideal solution (TOPSIS), MCDM, Single-Valued Neu- 
trosophic set(S VNs), Neutrosophic Simplified TOPSIS(nS-TOPSIS). 


1 Introduction 


Technique for Order Preference by Similarity to Ideal Solution(TOPSIS) is a popular Multicriteria Decision 
Making (MCDM). TOPSIS was first introduced by Hwang and Yoon ([{1]) to deal with structuring Multicriteria 
issues with crisp numerical values in real situation. However, real MCDM problems are often formulated 
under as set of indeterminate or inconsistent information. Thus, TOPSIS consists on many complicate steps of 
calculation. To deal with thoses problems, First, we introduce a lite version of TOPSIS method (S-TOPSIS) 
with guaranty of obtention of the same results simplifying many complicated steps of calculation. Thus, we 
introduce single valued neutrosophic set (SVNs) modifications of Simplified TOPSIS (nS-TOPSIS). 

To manage information outcome from real problem, that are usually endowed with imperfection such as 
uncertainty, fuzziness and inconsistency, Smarandache ([2,3]) initiated a new notion, which is a generalization 
of the Intuitionistic Fuzzy Set (IFS), called Neutrosophics Set (NS), which based on three values ( truth 
(T’), indeterminacy (J), and falsity (f’) membership degrees). The main propriety of NS is that the sum 


A.Elhassouny, F: Smarandache, Neutrosophic modifications of Simplified TOPSIS for Imperfect Information 
(nS-TOPSIS). 


101 Neutrosophic Sets and Systems, Vol. 24; 2019 


of three values is 3 instead of 1 in the case of IFS. Although, the NS as introduced by Smarandache was a 
philosophical concept, unable to be used in real study cases. Many researchers are working on to produce 
mathematical property, theories, Arithmetic Operations, etc. On the one hand, Wang and al. ([5]) embodied 
Neutrosophic concept in a metric, called single-valued neutrosophic set (SVNs) as three values in one (truth — 
membership degree, indeterminacy — membership degree, and falsity — membership degree). In 
addition, Broumi and al. ([4,6,7]) defined, in Neutrosophic space, similarity mesure and distances metric 
between SVNS values. the defined SVNS show stronge power to modelize imperfect information, such as 
uncertainty, imprecise, incomplete, and inconsistent information. 


On the other hand, Other researchers are working on deploying Neutrosophic in MCDM field. Biswas ([8]) 
proposed extended TOPSIS Method to deal with real MCDM problems based on weighted Neutrosophic and 
aggregated SVNS operators 


Ye [9,10] introduced two concepts, single valued neutrosophic cross-entropy of single valued neutrosophic 
and weighted correlation coefficient of SVNSs into multicriteria decision-making problems. Deli et al. [11] 
studied deploying Bipolar Neutrosophic Sets in Multi-Criteria Decision Making field 


The remainder of the paper presents the preliminaries to build our Method, TOPSIS method and single 
valued neutrosophic set (SVNs). next Simplified-TOPSIS as first contribution was introduced. Then, hybrid 
methods Neutrosophic-TOPSIS and Neutrosophic-Simplified-TOPSIS are proposed to deal with real example. 
Results and discussions are presented at the end of this paper. 


2 TOPSIS method 


Consider a multi-attribute decision making problem that could be formulated as follow, A = { A, Ag,--- , An} 
a set of m preferences, and C = {C,C,--- ,C,} a set of n criteria. The relationships between preferences 
A; and criteria C’; quantified by rating a,;; provided by decision maker. Weight vector W is a set of weights w; 
associated to criteria C’;. The all details described above could be reshaped on decision matrix bellow, denoted 
by D. 

Git °** Aim 


DEG) (Decision Matrix) (2.1) 


mxn -_ 
Gni **'* OGOnm 
Technique for order performance by similarity to ideal solution (TOPSIS) method summarized as follow: 


Step 1: Calculate normalized form of decision matrix r;; dividing each element a;; on the sum of whole 
column. 


ee 0.5 
roa aul (Soa -§ =1,2,---,n;i=1,2---,m @Q2) 
i=1 
Step 2: Calculate also weighted form v;; of matrix r;; obtained from previous step, multiplying each element 
ri; by its associated weight w. 


= ye P= Lee tt = er (2.3) 


Step 3: Based on the weighted decision matrix, we calculate positive ideal solution (POS) and negative ideal 
solution(NIS). 
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APG, 0h 5 gt) hd ig nee ‘a (2.4) 


ming {viz|9 € CS) 


( 
( 
— {uijlj € BY), (2.5) 


max; {vi3|7 € C}) 


, —— 
AU = Oy ee, ake 


B quantify the benefit set, and C’ is the cost attribute set. Step 4: By subtracting each weighted element v;,; 
From POS and NIS, we got tow vectors of separation measures cited below. 


e 0.5 
= {So ah a a ee) (2.6) 


j=l 


nh 0.5 
= {ot af eee 97) (2.7) 


j=l 
Step 5: Using the both measures calculated in the previous step, we calculate the rating metric. 
T, =a ae (2.8) 
= — ,= eae ,m 
(Si + 57) 


Once we calculate T;, that will be used to rank set of alternatives A;. 


2.1 Numerical example 


Let consider the numerical example summarized by table Table-1. below, that contains alternatives with respect 
of criteria weights. 


aij Ci C2 C's 
w; 12/16 3/16 1/16 
Ay 7 9 9 


Ag 8 7 8 
A3 9 6 8 
Aa 6 7 8 


Table 1: Decision Matrix. 


Table Table-2. is result of application of this formula S°;"_, a;; on each column. 
To determine Normalized matrix r;; Table-3. each value is divide by ()7>;__, a7,)'/? : 
Weighted Decision matrix v;; Table-4 is the multiplication of each column by w,. 


The table Table-5. below figure out the solution of the above MCDM problem listing furthermore, final 
rankings for decision matrix, separation metric from POS and NIS. 


Preferences, in descending preference order, are ranked as A3 > A, > A, > A» as showed in Table-S. 
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a‘. C7 C's C's 
Wi; 12/16 3/16 1/16 
Ay 49 81 81 
Az 64 49 64 
As 81 36—s«é4 
A4 36 49 64 


dejar Mig 230215273 


Table 2: Multiple decision matrix. 


V%9 Cy C's C's 
WW; 12/16 =—3/16 1/16 
Ay 0.4616 0.6138 0.5447 
A» 0.5275 0.4774 0.4842 
A3 0.5934 0.4092 0.4842 
Ag 0.3956 0.4774 0.4842 
Sug, 230-215: 278 


Table 3: Normalized decision matrix. 


3 Simplified-TOPSIS method (our proposed method) 


The Simplified-TOPSIS algorithmic consists on steps bellow : 
Step 1: Structure the criteria of the decision-making problem under a hierarchy. 


Let considere C = {C,C,--- ,C,} is a set of Criteria, with n > 2, A = {Aj, Ao,--- ,A,} is the set 
of Preferences (Alternatives), with m > 1, a;; the score of preference 2 with respect to criterion 7, and let w; 
weight of criteria C;. 


G11 "** GAlm 
Cr > yy = (Decision Matrix) (3.1) 


Ant "** Onm 


Step 2: Calculation of the Weighted Decision Matrix vj;;. 
Let v;; Weighted Decision Matrix (WDM) that is obtained by multiplication of each column by its weight. 


Vij = Wai, J=1,2,---,n; t= 1,2---,m (3.2) 


The difference between proposed method and standard TOPSIS section 2), the normalized step is ignored and 
WDM v;,,; is calculated directly without normalization by multiplying a,;; with w;. 


Step 3: Determination of LIS and SIS. 


The maximum (largest) ideal solution (LIS), as its name indicate, is the the set of maximums raws and 
smallest ideal solution (SIS) is the set of minimums raws. 


AT = (Uf, UZ ,°++ Um) = (max; {vij|7 = 1,2,--- ,}) (3.3) 
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Uij Os C's C's 
W; 12/16 3/16 1/16 
A, 0.3462 0.1151 0.0340 
Ay 0.3956 0.0895 0.0303 
As 0.4451 0.0767 0.0303 
A, 0.2967 0.0895 0.0303 
Umar 0.4451 0.1151 0.0340 
Umin 0.2967 0.0767 0.0303 
Table 4: Weighted decision matrix. 
Alternative  S," 5; T, 
Ay 0.0989 0.0627 0.3880 
Ao 0.0558 0.0997 0.6412 
As 0.0385 0.1484 0.7938 
Ay 0.1506 0.0128 0.0783 
Table 5: Distance measure and ranking coefficient. 
AY = (07 U5 92"40,) = (min {vij|) =e n}) (3.4) 


Step 4: Calculation of positive and negative solutions. 


The positive and negative solution are the entropies of orders two of calculated using the formulas below 
respectively: 


e 0.5 
Se {ou af = | Dae an (3.5) 


a1 


7 0.5 
= {So rh ee rf) (3.6) 


j=l 


Arrange preferences (set of alternatives A) based on value of sums of either alternative solutions (sit ) or 
( Me The choice of minimum or maximum depend on nature of problem, if the problem to be minimized or 
maximized 


Step 5 (optional): Another step is missed in our Simplified TOPSIS is calculation of ranking measure T; 
(relative closeness to the ideal solution), because of many reasons : first preferences can classified according 
to many aggregated measures calculated before, second, it’s a way of normalization that can be changed by 
any form of normalization dividing by max, or normalized to |0, 1] range, etc. 


oF 
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3.1 Numerical example 


In order to check the consistency of our proposed method, the Simplified-TOPSIS method is applied on the 
same example (Decision Matrix presented in Table-1.) as classical TOPSIS. 


aij C71 C2 C's 
w;, 12/16 3/16 1/16 
Aj 7 9 9 


3) 7 3) 
A3 9 6 8 
6 7 3) 
Table 6: Decision matrix. 
Weighed Decision Matrix is gotten (Table-2.). 

C5 a;, C 1 C 2 C 3 

WwW; 12/16 3/16 I/16 

Ai 54/16 27/16 9/16 

A» 96/16 21/16 S/16 


Az 108/16 18/16 8/16 
A4 72/16 21/16 8/16 


Table 7: Weighted decision matrix. 


Next, we calculate the positive and negative solutions as follow : 
S1+ = |84/16-108/16| + |27/16-27/16| + |9/16-9/16] = 1.5000 
S2+ = |96/16-108/16| + |21/16-27/16| + |8/16-9/16] = 1.1875 
S3+ = |108/16-108/16| + |18/16-27/16| + |8/16-9/16| = 0.6250 
S4+ = |72/16-108/16| + |21/16-27/16| + |8/16-9/16| =2.6875 
S1- = |84/16-72/16] + |27/16-18/16] + |9/16-8/16] =1.3750 
S2- = |96/16-72/16] + |21/16-18/16] + |8/16-8/16] =1.6875 
S3- = |108/16-72/16] + |18/16-18/16| + |8/16-8/16| =2.2500 
S4- = |72/16-72/16] + |21/16-18/16] + |8/16-8/16] = 0.1875 

By the end we got both sets of negative and positive solutions (S3—, S2—, S1—, S4—) and (S3+, $2+,51+,54+), 
before arranging preferences, we need to determine which solutions to use, that decision tacked based on the 
nature of problem, if we seek to minimize or maximize. The minimization of the solution, such as cost to pay, 
consists on the solution closer to the negative solution, while he maximization of the solution, such as price to 
sale, consists on the solution closer to the positive solution. 

The optional ranking measure 7; confirm the same result. 


T1 = (S1—)/[(S1—) + ($14)] = 0.478261 (3.8) 
T2 = (S2—)/[(S2—) + (S2+)] = 0.586957 (3.9) 
T3 = (S3—)/[(S3—) + (S3+)] = 0.782609 (3.10) 
T4 = (S4—)/[(S4—) + (S4+)] = 0.065217 (3.11) 
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The table (Table-8.) figure out all calculus did before 
Alternative 7 Ss, Ty 
Ay 1.5000 1.3750 0.478261 
A> 1.1875 1.6875 0.586957 
A3 0.6250 2.2500 0.782609 
A4 2.6875 0.1875 0.065217 


Table 8: Distance measure and ranking coefficient. 


By applying Simplified-TOPSIS, we get for Ts (0.782609), T2(0.586957), T, (0.478261) and T,(0.065217), 
and we got with classical TOPSIS T3(0.7938), T2(0.6412), T, (0.3880) and T4(0.0783). Hence the order ob- 
tained with our approach simplified-TOPSIS is the same of classical TOPSIS: Ts, To, T, and T4, with little 
change in values between both approaches. 

The both methods our simplified-TOPSIS and Standard TOPSIS produce the same results witt the same 
ranking (73,72, TlandthenT) , with a little differences of ranking measures. For example, with Simplified- 
TOPSIS T3 is 0.782609, and with TOPSIS 73 is 0.7938, the same for all others(Simplified-TOPSIS : 75 (0.586957), 
T\ (0.478261) and 74(0.065217) and with TOPSIS : 75(0.6412), 7; (0.3880) and 7(0.0783). 


4 Standard TOPSIS in Neutrosophic [12] 


Standard TOPSIS in Neutrosophic procedure can be summarized as follow : 
Step 1: In order to apply neutrosophic TOPSIS algorithm, crisp number Decision Matrix need to be mapped 
to single valued neutrosophic environment, then, we got neutrosophic decision matrix 


D = (dij) 4 < 25, = ight s) ee (Neutrosophic Decision Matrix) (4.1) 
dS Sa 1<j<m 
Where 7;;, /;; and /£;; are truth, indeterminacy and falsity membership scores respectively. 1 refer to 


preference A; and 7 to creterion C;. 

And w = (W 1, W5,°** ,Wy) with w; a single valued neutrosophic weight of criteria (so w; = (a;, b;, ¢;)). 
Example 1: 

To compare our method Neutrosophic Simplified TOPSIS (nS-TOPSIS : section 5) and standard Neutro- 
sophicTOPSIS proposed by Biswas ([11]). we use Biswas’s numercal example. 

Let (DM,, DM2, DM3, DM.) fours decisions makers aims to select an alternative A; (A;, Az, A3, A) with 
respect six criteria(C ,, C2, C3, C4, Cs, Cg). The mapped weights of criteria and decision matrix in Neutro- 
sophic environment are presented in tables Table-9. and Table-10. respectively. 


Cc. Cc. C, 
w; (0.755, 0.222, 0.217) (0.887, 0.113,0.107) (0.765, 0.226, 0.182) 
C4 Cs CG. 


w; (0.692, 0.277, 0.251) (0.788, 0.200,0.180) (0.700, 0.272, 0.244) 


Table 9: Criteria weights. 
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C7 C'2 C'3 

A, (0.864,0.136,0.081) (0.853, 0.147, 0.: 092) (0.800, 0.200, 0.150) 

Az (0.667, 0.333,0.277) (0.727, 0.273,0.219) (0.667, 0.333, 0.277) 

Az3 (0.880,0.120,0.067) (0.887,0.113,0.064) (0.834, 0.166, 0.112) 

A, (0.667, 0.333,0.277) (0.735, 0.265,0.195) (0.768, 0.232, 0.180) 
C4 C's C's 

A, (0.704, 0.296,0.241)  (0.823,0.177,0.123) (0.864, 0.136, 0.081) 

Az (0.744,0.256,0.204) (0.652,0.348,0.293) (0.608, 0.392, 0.336) 

A3 (0.779,0.256, 0.204)  (0.811,0.189,0.109) (0.850, 0.150, 0.092) 

Ay (0.727,0.273,0.221) (0.791, 0.209,0.148) (0.808, 0.192, 0.127) 


Table 10: Neutrosophic Decision Matrix. 


Step 2: Weighted decision matrix in neutrosophic is gotten by applying aggregation operator of multiplication 
1. e. application of generalization of multiplication operator in Neutrosophic space. 


DY = D@W = (d¥) ae) (4.2) 


Ll<i<n =a grr aj ace 
I<jyam La 3 am 


Step 3: Calculate of POS-SVNs (positive ideal solution in SVNs) and NIS-SVNs (negative ideal solution in 
SVNS) measures. 








Ti" = { (mari {Tj |j € BY), (min {TP VE Ch)Y (4.3) 

Qy = (G77, dy", +++ di) (4.4) 
T’* = { (max, { Tj’ 9 € BY), (min {Tz 7 € C$) f (4.5) 
Ivt = { (min {U7 |j € BS), (max, (7 |G e C})} (4.6) 
Fvt = { (min, (Fy |g € BY), (max; {F |j e C})} (4.7) 

Qy = (dy dy ,-++ dn) (4.8) 
T?~ = { (min, {Ty |j € B}), (maxi {TH |i € C})} (4.9) 
I? = { (maz, {7,7 |g € B}), (min (7 lf e C})} (4.10) 
PS h eR) (ite yee} } (4.11) 


Where BP represents the benefit and C’ quantify the cost. 
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Step 4: Calculate length of each alternative from the POS-SVNs and NIS-SVNs calculated in previous step. 


(Ti («) -— T#*(a))" + 
= (I(x) — oa + 











Dede ds = 4.12 
Bu ( a a on = ane w+ 
(Be) — FF) 
Diy, (diz, dij) = (4.13) 
With 2 =1,2---,m 
Step 5: Calculate the aggregated coefficient of closeness in Neutrosophic. 
NS, 

Ce = ———*___; 4 = 1,2---,m (4.14) 


‘(NST 4 NS7)’ 


All values of aggregated coefficient of closeness are shown in the table Table-11. below. 


Alternative C; 


Ay 0.8190 
Ag 0.1158 
A3 0.8605 
Aa 0.4801 


Table 11: Closeness Coefficient. 


Using the associate values of aggregated coefficient of closeness C;; to preference A;, in descending order, 
to rank alternatives. Hence, preferences could be ordered as follow A3 > A, > A, > Ag. Then, the alternative 
Az 1s the best solution. 


5 Neutrosophic-Simplified-TOPSIS (our proposed method) 


Step 1: Construct Neutrosophic decision matrix. 
As made for Standard Neutrosophic TOPSIS, let consider neutrosophic decision matrix and SVNs weighted 
criteria. 


D = (dij) L<i<n = (Ti;, Lig, Fig) i< (5.1) 
Ly Ly Sn 
Cy Cy Cn 
Aj di1 dip din 
Ay dz, dg2 
Am | 
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Where 7;,; denote truth, /;; indeterminacy and /V;,; falsity membership score of preference 2 knowing 7 in 
neutrosophic environment. 

W = (W1,Wo,°** , Wy) With w; a single valued neutrosophic weight of criteria (so w; = (a;, b;, ¢;)). 
Step 2: Calculate SVNs weighted decision matrix. 


a L<j<m 
WwW; @ dij = (aT, Desde Oe ole Ek Fj) (5.3) 


Step 3: Calculate LNIS and SNIS metrics. 
LNIS and SNIS are maximum (larger) and minimum (smaller) neutrosophic ideal solution respectively. 


Ay = (di, dy", ++ dn) (5.4) 
Sd (5.5) 

Ty* = { (maz; {Ti |j = 1,--- n})} 65.6) 
eee le te (5.7) 
bea nine Gg le) (5.8) 
Ay = (dy, dy" ,-++ dn) (5.9) 
cae gure ae ea) (5.10) 

Ty = { (ming {TY |j =1,-++ -n})} (5.11) 
Iv~ = { (maa; {I |j =1,--- ,n})} (5.12) 
Pe = mene Hla) (5.13) 


Step 4: Determination of the distance measure of every alternative from the RNPIS and the RNNIS for SVNSs. 

To perform that calculus, we need to introduce a new distance measure, in this paper we mapped Manhattan 
distance ({13]) to Neutrosophic environment (definition 1). The new proposed distance called Neutrosophic 
Manhattan distance that perform the difference between two single-valued neutrosophic(S VNs) measures. 
Definition 1. Let X; = (21,41, 21) and X_ = (2, yo, 22) be a SVN numbers. Then the separation measure 
between X, and X» based on Manhattan distance is defined as follows: 


DMtanh (X1,X2) = Ka = £5 ar lay = Yyp| Ir al = Lo (5.14) 
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The application of Neutrosophic Manhattan distance to calculate the separation from the maximum and 
minimum Neutrosophic ideal solution respectively are : 








| j (a a a + 
Da de (x) — Tet (a mt (5.15) 
Fp (a) — FE*(x) 
with 7 =1,2---,n 
NSS) Dee.) (5.16) 


j=l 
with 1 =1,2---,m 
Similarly, the separation from the minimum neutrosophic ideal solution is: 


4 (x) — Te (x)| + 
r(x) — E8"(«)|-+ (5.17) 
Fey (a) — Fy (2)| 





Die Ga de) = 


aq? 





with 7 =1,2---,n 


= 2 Phin Cee (5.18) 


with 1 =1,2---,m 
Preferences are ordered regarding to the values of NS; or according to 1/N cae In other words, the 
alternatives with the highest appraisal score is the best solution. 
Step 5: Rank the alternatives according to Ranking coefficient NVT;. 
Ranking coefficient is formulated as : 
NS 


Te ee as. 5.19 
(NS*+NS-)’- a ve 


A set of alternatives can now be ranked according to the descending order of the value of VT; 


5.1 Numerical example 


Step 1. Formulate the MCDM problem in neutrosophic by building Neutrosophic decision matrix decision 
matrix and SVNs weights of criteria. 

Let A; (Aj, Ag, A3, Ay)a set of alternative and C; (C,, C2, C, C4, Cs, Ce) a set of criteria. Let considers the 
following neutrosophic weights of criteria (Table-12.) and neutrosophic decision matrix (Table-13.) respec- 
tively (used in above example 1). 

Step 2: Calculation of SVNs Weighted Decision Matrix 
D® = (di) 


Isisn =F) ci cn 


SE L797 Sm 


(5.20) 
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C2 

(0.887, 0.113, 0.107) 
C's 

(0.788, 0.200, 0.180) 


Cs 


(0.765, 0.226, 0.182) 


Ce 


(0.700, 0.272, 0.244) 


Table 12: Criteria neutrosophic weights. 


111 
Ci 

w; (0.755, 0.222, 0.217) 
C4 

w; (0.692, 0.277, 0.251) 
di; Cy 

A, (0.864, 0.136, 0.081) 

Az (0.667, 0.333, 0.277) 

As (0.880, 0.120, 0.067) 

Aa (0.667, 0.333, 0.277) 
C4 

Ai (0.704, 0.296, 0.241) 


0.779, 0.256, 0.204 


C2 
0.853, 0.147, 0.092 
0:727,0.273. 0219 
0.887, 0.113, 0.064 
0.735, 0.265, 0.195 
C's 
0.823, 0.177, 0.123 
0.652, 0.348, 0.293 
0.811, 0.189, 0.109 


a ai all 
NTN NT 


C3 
0.800, 0.200, 0.150) 
0.667, 0.333, 0.277) 
0.834, 0.166, 0.112) 
0.768, 0.232, 0.180) 
C's 
0.864, 0.136, 0.081 


OS P,P 


0.890, 0.150, 0.092 


( 

Az (0.744, 0.256, 0.204) 
( 
( 


Nea ON na NS 


( 
(0.608, 0.392, 0.336) 
( 
( 


0.727, 0.273, 0.221) (0.791, 0.209, 0.148) (0.808, 0.192, 0.127 


Table 13: Neutrosophic Decision Matrix. 


di” = (aT, b, + Ly — Only: Cj + ae =< oF) 


| 


(5.21) 


SVNs Weighted Decision Matrix is obtained by multiplication of weights of criteria with its associated 
column of neutrosophic decision matrix: 


Ty, = 0.864 x 0.755 = 0.6523 


I%, = 0.136 + 0.222 — 0.136 x 0.222 = 0.328 
F#, = 0.081 + 0.217 — 0.081 x 0.217 = 0.280 


di’ C; CG Cc. 

A, (0.6523, 0.328,0.28) (0.7566, 0.2434, 0.1892) (0.612, 0.381, 0.305) 

Az (0.5036, 0.481, 0.434) (0.6448, 0.3552, 0.3026) (0.510, 0.484, 0.409) 

As (0.6644, 0.315, 0.269) (0.787, 0.2132,0.1642) (0.638, 0.354, 0.274) 

Aa (0.5036, 0.481, 0.434) (0.6519, 0.3481, 0.2811) (0.588, 0.406, 0.329) 
Cy Cz CO. 

A,  (0.487,0.491,0.432) (0.649, 0.342,0.281) (0.605, 0.371, 0.305) 

Ay (0.515,0.462,0.404) (0.514, 0.478, 0.420) — (0.426, 0.557, 0.498) 

As (0.539, 0.462,0.404) —- (0.639, 0.351,0.269) (0.595, 0.381, 0.314) 

Aa (0.503, 0.474,0.417) (0.623, 0.367,0.301) (0.566, 0.412, 0.34) 


Table 14: Weighted Neutrosophic decision matrix. 


Step 3: Determination of LNIS and SNIS. 
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C7 C2 Cs 
d?* (0.664, 0.315, 0.269) (0.887, 0.213, 0.264) (0.638, 0.354, 0.274) 
C'"s C's Ce 


a a a a a a a ee 


Table 15: Maximum (large) Neutrosophic Ideal Solution(LNIS). 


d’* (0.539, 0.462,0.404) (0.649, 0.341, 0.294) (0.605, 0.371, 0.305) 


C7 C'2 C's 
d?~ (0.504, 0.481, 0.434) (0.645, 0.355, 0.303) (0.510, 0.484, 0.409) 
C4 C's C6 


d?~ (0.487, 0.491, 0.432) (0.514, 0.478, 0.420) (0.426, 0.557, 0.498) 


Table 16: Minimum (smaller) Neutrosophic Ideal Solution (SNIS). 


NS} NS, NT; 
A, 0,324 2,07  0,86459295 
Az 2,31 0,084 0,03521102 
As 0,047 2,347 0,98021972 


A, 1,293 1,101 0,45987356 


Table 17: Neutrosophic Separation Measures and Neutrosophic Measure Ranking. 


Step 4: Calculation of NS; and N.S; To calculate NS; and NS;, we calculate sum of each line, and then 
subtracting from the LNIS and from SNIS respectively. 

According to the obtained result (Table-17.), alternatives can be ranked as follow Az; > A, > A, > 
A». Then the best preference is A3. Using the same example, our proposed method neutrosophic-simplified- 
TOPSIS(nTOPSIS), we get similar result as neutrosophic-TOPSIS. 


6 Conclusion 


This paper aims to present tow new TOPSIS based approaches for MCDM. First one is Simplified TOPSIS 
(STOPSIS) that simplify the TOPSIS calculation procedure. Second one, neutrosophic simplified-TOPSIS 
(nTOPSIS) extend the proposed method to neutrosophic environment, that use, instead of crisp number, the 
single valued neutrosophic(SVN). To formulate the both proposed method, many measures are defined such 
as Neutrosophic Manhattan Distance measure, that is used to calculate, distances from Maximum (larger) 
Neutrosophic Ideal Solution (LNIS) minimum neutrosophic ideal solutions, as two new defined measures. 
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Abstract. An advantage of dealing indeterminacy is possible only with Neutrosophic Sets. Graph theory plays a vital role in 
the field of networking. If uncertainty exist in the set of vertices and edge then that can be dealt by fuzzy graphs in any 
application and using Neutrosophic Graph uncertainty of the problems can be completely dealt with the concept of 
indeterminacy. In this paper, Dombi Interval Valued Neutrosophic Graph has been proposed and Cartesian product and 
composition of the proposed graphs have been derived. The validity of the derived results have been proved with the 
numerical example. This paper expose the use of Dombi triangular norms in the area of Neutrosophic graph theory. 
Advantages and limitations has been discussed for Crisp, Fuzzy, Type-2 Fuzzy, Neutrosophic Set, Interval Neutrosophic Set, 
Neutrosophic Graph and Interval Neutrosophic Graph. 


Keywords:Dombi Triangular Norms, Fuzzy Graphs, Interval valued Neutrosophic Graph, Dombi Interval Valued 
Neutrosophic Graph, Cartesian product, Composition, Traffic Control Management. 


1. Introduction 


The generalized Dombi operator family was introduced by Dombi and applied to speech Recognition 
Task [1, 2]. Graph theory plays a vital role in different fields namely computer science, engineering, physics and 
biology to deal with complex networks [3, 4]. It is also used to solve various optimization problems in 
transportation where network is nothing but the logical sequence of the method and visualization possibility, 
permits surveys to be afforded. Also it responses to two equations simultaneously for the purpose and the 
procedure [5]. Permanent growth of the population is one of the main face of modern cities and it is the reason 
for building new roads and highways to avoid traffic problems and for stress free life of the people [6, 13]. 


A fuzzy set can be described mathematically by assigning a value, a grade of membership to each 
possible individual in the universe of discourse. This grade of membership associates a degree to which that 
individual either is similar or appropriate with the concept performed by the fuzzy set. A fuzzy subset of a set X 
is a mapping from membership to non-membership and is defined by 7:xX —>[0,1)continuous rather than 
unexpected. Fuzzy relations are popular and important in the fields of computer networks, decision making, 
neural network, expert systems etc. [7, 16].Direct relationship and also indirect relationship also will be 
considered in graph theory [8]. 
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Model of relation is nothing but a graph and it is a comfortable way of describing information involving 
connection between objects [9]. In graph, vertices are represented by vertices and relations by edges. While there 
is an impreciseness in the statement of the objects or it its communication or in both, fuzzy graph model can be 
designed for getting an optimized output. Maximizing the Utility of the application is always done by the 
researchers during the constructing of a model with a key characteristics reliability, complexity and 
impreciseness. Among these impreciseness plays an important role in maximizing the utility of the model. This 
situation can be described by fuzzy sets, introduced by Lotfi. A. Zadeh. Fuzzy graphs will be very useful, since 
for the real world problems, one gets the partial information [10, 11]. 


Performance evaluation can be defined as modeling and application and should be done before using 
them using graph theory[12]. When the system is huge and complex, it is challenging to extract the information 
about the system using classical graph theory and at this junction fuzzy graph can be used to examine the system 
[14]. A situation in which goods is shifted from one location to another can be dealt by graphs. For example, one 
can consider water supply, where water users and pipe join etc. are vertices and pipelines are edges [15]. The 
concept of graph theory was introduced by Euler in 1736 and it is a branch of combinatorics [16]. Fuzzy graph 
was introduced by Rosenfeld who has defined the fuzzy correlation of various graph theoretic notions such as 
cycles, paths, trees and connectedness and set some of their properties [18]. 


Zadeh formulated the term degree of membership and describe the notion of fuzzy set in order to deal 
with an impreciseness. Atanassov introduced intuitionistic fuzzy set by including the degree of non-membership 
in the concept of fuzzy set as an independent component. Samarandache introduced Neutrosophic set(NS) by 
finding the term degree of indeterminacy from the logical point of view as an independent component to handle 
with imprecise, indeterminate and unpredictable information which are exist in the real world problems The 
NSs are defined by truth, indeterminacy and false membership functions which are taking the values in the real 
standard interval. Wang et al. proposed the concept of single-valued Neutrosophic sets (SVNS) and Interval 
valued Neutrosophic Sets (IVNSs) as well, where the three membership functions are independent and takes 
value in the unit interval [0,1] [19, 20, 30, 32]. 


If uncertainty exists in the set of vertices or edges or both then the model becomes a fuzzy graph. Fuzzy 
graphs can be established by considering the vertex and edge sets as fuzzy, in the same way one can model 
interval valued fuzzy graphs, intuitionistic fuzzy graphs, interval valued fuzzy graphs, Neutrosophic graphs, 
single valued Neutrosophic graphs and interval valued Neutrosophic graphs [23]. Network of the brain is a 
Neutrosophic graph especially strong Neutrosophic graph[25]. Intelligent transport systems is a universal aspect 
gets the attention of worldwide interest from professionals in transportation, political decision makers and 
computerized industry. It is developed by understanding the progress of the road traffic in the interval of time 
and communication between the participants and structural elements available in the situation [26, 31]. 


Graph theory defines the relationship between various individuals and has got many number of 
applications in different fields namely database theory, modern sciences and technology, neural networks, data 
mining cluster analysis, expert systems image capturing and control theory [27]. The strength of the relationship 
in social networks can be analyzed by fuzzy graph theory and has got important potential [28]. While the 
network is large, analysis and evaluation of traffic will be very challenging one for the network managers and it 
can be done using dynamic Bandwidth [29]. Indeterminacy of the object or edge or both cannot be handled by 
fuzzy, intuitionistic fuzzy, bipolar fuzzy or interval valued fuzzy graphs and hence Neutrosophic graphs have 
been introduced [33]. 


Menger proposed triangular norms in the structure of probabilistic metric spaces and discussed by 
Schweizer Sklar. Also intersection and union of fuzzy sets have been proved by Alsina et al. Triangular norms 
play an important role application of fuzzy logic namely fuzzy graph and decision making process [34]. Some of 
the real world applications can be modelled in a better way with triangular norms especially t-norm than using 
minimum operations. Using this concept awareness of tracking in person for networks is possible [36] 


Since intervals plays an essential role in graph theory and useful in the study of properties of fuzzy 
graphs which applied to surveying the land based on the concept of the distance between the vertices, using the 
concepts of Interval Valued Neutrosophic Graphs and Dombi fuzzy graphs, Dombi Single Valued and Dombi 
Interval Valued Neutrosophic Graphs have been proposed. Also Cartesian product and composition of Dombi 
Interval Valued Neutrosophic Graph have been derived. Numerical example also has been given for the validity 
of the results. The main goal of this paper is to emphasis that the minimum and maximum operators are not the 
only applicant for the logical reasoning of the classical graphs to Neutrosophic graphs. 
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2. Review of Literature 


The authors of [1] introduced the generalized Dombi operator family and the multiplicative utility 
function. [2] applied the Generalized Dombi Operator Family to the Speech Recognition Task. [3] explained 
about Neutrosophic model and Control. [4] examined biological networks using graph theory. [5] established a 
computerized technique to solve network problems using graph theory. [6] analyzed a traffic control problem 
using cut-set of a graph and applied in arbitrary intersection to reduce the waiting time of the people.[7] 
proposed operation on a complement of a fuzzy graph. [8] proposed functional consistency of an input Gene 
Network. [9] proposed a program for coloring the vertex of a fuzzy graph. [10] applied vertex coloring function 
of a fuzzy graph to the traffic light problem. 

[11] reviewed about Fuzzy Graph Theory.[12] evaluated an impreciseness produced in performance 
measures during the procedure of performance evaluation using graph theory. [13] introduced graph for the 
problem and circular arcs and applied in traffic management. [15] applied the concept of graph in traffic control 
management in city and airport.[16] described certain types of Neutrosophic graphs.[17] proposed a new 
dimension to graph theory. [18] proposed strong domination number using membership values of strong arcs in 
fuzzy graphs. [19] gave introduction to bipolar single valued Neutrosophic Graph theory. (Broumi et al. 2016) 
proposed an isolated Interval valued Neutrosophic graph. 


[20] applied interval valued Neutrosophic in decision making problem to invest the money in the best 
company. [21] proved the necessary and sufficient condition for a Neutrosophic graph to be an isolated single 
valued Neutrosophic graph. [22] examined the properties of different types of degrees size and order of SVNGs 
and proposed the definition of regular SVNG. [25] proposed strong NGs and Sub graph Topological Subspaces. 
[26] presented a complete study of all existing Intelligent Transport systems namely research models and open 
systems.[27] applied graph theory concepts to SVNGs and examine a new type of graph model and concluded 
the result to crisp graphs, fuzzy graphs and intuitionistic fuzzy graphs and characterized their properties. 


[28] examined asymmetrical partnership using fuzzy graph and detect hidden connections in Facebook. 
[29] proposed an optimized algorithm using the approach of rating of web pages and it assigns a minimum 
approved bandwidth to every connected user.[30] represented a graph model based on IVN sets.[31] proposed 
dimensional modeling of traffic in urban road using graph theory. [32] proposed uniform SVNGs. [33] proposed 
some of the results on the graph theory for complex NSs. [34] proposed Dombi fuzzy graphs and proved the 
standard operations on Dombi fuzzy graphs. [35] proposed fuzzy graph of semigroup.[36] proposed t-norm 
fuzzy graphs and discussed the importance of t-norm in network system. 


3. Basic Concepts 
Some basic concepts needed for proposing and deriving the results are listed below. 


3.1 Graph (Ashraf et al. 2018) 


A mathematical system G=(V,£) is called a graph, where y =v (G), a vertex set and E= E(G) is anedge set. In this 


paper, undirected graph has been considered and hence every edge is considered as an unordered pair of different 
vertices. 


3.2 Fuzzy Graph (Marapureddy 2018) 


Let V be a non-empty finite set, 2 be a fuzzy subsets on V and Obe a fuzzy subsets on VXV. The pair G=(A,6) 


is a fuzzy graph over the set V if 6(x,y)<min{A(x),A(y)} for all (x, y)e VxV where / is a fuzzy vertex and dis a 


fuzzy edge. Where: 
1. A mapping 7: V > [0,1] is called a fuzzy subset of V , where V is the non-empty set. 


2. Amappingd:VxV — [0,1] is a fuzzy relation on A of V if 6(x,y)<min{A(x),A(y)} 
3. If 5(x,y)=min{A(x),A(y)} then G is a strong fuzzy graph. 
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3.3 Dombi Fuzzy Graph (Ashraf et al. 2018) 


ati ; A(x)A(y) f 1 " h 
A pairG=(A,6) is a Dombi fuzzy graph tO) Se aa) aan or allx,ye V, where the 


Dombi fuzzy vertex set, 2: V [0,1] is a fuzzy subset in V and the Dombi fuzzy edge set, 6: Vx V [0,1] is a 


symmetric fuzzy relation on A. 
3.4 Single Valued Neutrosophic Graph (SVNG) (Broumi et al. 2016) 


A pair Gy =(P,Q)is SVNG with elemental set v . Where: 


1. Degree of truth membership, indeterminacy membership and falsity membership of the element 
x;€ Vare defined by Tp: V >[0,1] , Ip: V [0,1] and Fp: V [0,1] respectively and 
O<Tp(xj;)+1p(q) + Fp(94) $3, age V.i=1,2,3,....0 

2. Degree of truth membership, indeterminacy membership and falsity membership of the edge 
(xj.y;)e¢B are denoted by 7g:EcVxV—[0,I], Ig:EcVxV[0lJand Fo:EcVxV-[0,l] respectively and 
are defined by 

To ({si.yj})< min | Tp ( oie: 

+ tol{s.s)})2mex[t0(x)-t0(2,) 

© Fo({x:.»,})2 max | Fp (x; alate 

where 0 < To ({x;, y;}) + Io ({x;, y;}) + Fo ({x;. y;}) < av ie y;fe E (i, jas een n) ‘ 


Also P is a single valued Neutrosophic vertex of V and Q is a single valued Neutrosophic edge set of E. Q is a 
symmetric single valued Neutrosophic relation on P. 


3.5Interval Valued Neutrosophic Graph (IVNG) (Broumi et al. 2016) 


A pair Gy =(P,Q)is IVNG, where p = (lie ru eee: lehsia ase })> an IVN is set on V and 


Poe | eae 





ae (ae on bias a |. [rd ea y |) is an IVN edge set on E satisfying the following conditions: 





1. Degree of truth membership, indeterminacy membership and falsity membership of the element 
x4eéVare defined by 7:V—[0,1], 78 :V—[01),75:V— [ol], 7:V— [ol], —— and 
Fp :V >[0,1], Fe : V [0,1] respectively and 0<Tp(x;)+ Ip (3) + Fp (x;) $3, We Voix 12,3... 
2. Degree of truth membership, indeterminacy membership and falsity ceed of the edge 
(x;.y;)eEare denoted by7j:VxV [01], 7% :VxV [01] 16:VxV>[01], 19:VxV—[0,1]and 
Fg :-VxV [0,1], Fg :VxV [0,1] respectively and are defined by 
© 18 ({si.¥j})< min] 7 (3), 78 (y;)] 
© 18 ({xi-y,})<min| 7 (3;).78 (>) 
© 16 ({xi.yj}) 2 max| TF (7). 7F (y,)] 
* “ag ({xi-y})2 max] 77 (x;).1P (v,) 
© FG ({xi-¥)} ) 
© FO ({x-¥s})2 


where 0 < To ({x;, yj })+ to (fx. yj adtie yj \) <3, V{ xj. yjte EG 7 =i, 2:26) 
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A mapping 7:[0,1]? >[0,1]is a binary operation and is called a triangular norm or T-Norm if Vx, y,ze[0,1] it 
satisfies the following: 


(1). T(,x)=x (Boundary condition) 
(2). T(x, y)=T(y.x) (Commutativity) 

(3). T(x,T(y,z))=T(T(x y),z) (Associativity) 

(4). T(x,y)ST(x,z), if y<z (Monotonicity) 


e Triangular conorm or T-Conorm is also a binary operation 7c :[0,1}° >[0,1] and is defined by 
TC(x, y) =1-T(1-x,1-y) 


3.7 Dombi Triangular Norms (Dombi 2009, Dombi and Kocsor 2009, Ashraf et al. 2018) 


Dombi product or T-Norm and T-Conorm are denoted by © and © respectively and defined by 
1 
‘i eee 


STS 


TCN (x, y) =x® y= =, £>0 


HS) 


This triangular norm contains the product, Hamacher operators, and Einstein operators and as the limiting case, 
minimum and maximum operators can be obtained. Multivariable case can be dealt easily by the new form of 
Hamacher family. Dombi operators have flexible parameters and hence the success rate will be greater one. 


3.8 Hamacher Triangular Norms (Ashraf et al. 2018) 


Hamacher product or T-Norm and T-Conorm are denoted by & and © respectively and defined by 
Tes \=463) = 

IBA ery) 
( 


_xtyt &—2)xy E 
1+(€-1) xy 





TC(x,y)=x®@y 
H 


3.9 Special Cases of Dombi and Hamacher Triangular Norms (Ashraf et al. 2018) 


If we replace € = 0 in Hamacher family of triangular norms and € = 1 in Dombi family of triangular 


norms then 
T (x,y) =x® y= — and TC(x, y)=x® y=2 222 : 
(x+ y—xy) (1-xy) 


3.10 Standard Products of graphs (Ashraf et al. 2018) 


Consider two G, =(V,, £,) and Gy =(V», Ey) then the following products are defined by 
1. Direct product : E(G,GGy) ={(4.%2)(y1.2) lay) € FE, & X70 € E,} 





2. Cartesian Product: E(G, x Gz) ={(x.%2)(y1,¥2) | = & yy. € Ey,or my, € Ey & xy = yy} 
3. Strong Product: E(G, x Gy) ={(24,%2)(y1.y2) a = 9) & 422 € Ey or my, € Ey & Xp Vy € Ey } 
4. Dombi fuzzy Cartesian product: 


x X15 X = NY, X15X) JE x 
ne aah 
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Ay (x) 5 (x9 yo) 

A, (x) + 65 (X2¥2)- Ay (4%) 65 (222) 
Ay (z)61(%191) 

Ay (z) + 6 (4191) — Ao (2) 6 (491) 


(6, x 5))((x, x2) (x, y2)) = ,VxXE Vi. X90 € E, 


(5, x 53 )((41.2)(9152)) = »VZE Voy y € Ey 


3.11 Neutrosophic Controllers (Aggarwal et al. 2010) 


In the field of logic, fuzzy logic is a powerful one due its capacity of extracting the information from 
imprecise data. Human interpretations and computer simulation are the active and interested area among the 
researchers where the computers are managing only precise assessments. But the Neutrosophic logic has the 
capacity of recovering all sorts of logics. It is an appropriate choice to imitate the action of human brain which is 
assembled with handling with uncertainties and impreciseness. 

Neutrosophic Controllers are giving an optimized results than the fuzzy supplement since they are more 
hypothesized and indeterminacy tolerant. These controllers would modify considerably according to the nature 
of the problem. 

Modeling a proper mathematical structure of a control problem that would simulate the behavior of the 
system is very difficult. Due to impreciseness and indeterminacy in the data, unpredictable environmental 
disturbances, corrupt sensor getting a complete and determinate date is not possible in the real world problems. 
These situations can be handled by considering Neutrosophic linguistic terms and can be dealt effectively by 
considering interval valued Neutrosophic environment as it handles more impreciseness using lower and upper 
membership functions. 


4. Proposed Dombi Interval Valued Neutrosophic Graph 


Using the above special triangular norms Dombi Interval Valued Neutrosophic Graph (DIVNG) has 
been proposed and derived the Cartesian and composite products of DIVNG had been derived along with the 
numerical example. 


4.1 Dombi Single Valued Neutrosophic Graph (DSVNG) 


A single Valued Neutrosophic Graph is a DSVNG on V is defined to be a pair Gy =(P.Q) , where: 

1. The functions 7p: V—[0,1], Ip: V—[0,lJand Fp:V-—>[0,1] are the degree of truth membership. 
Indeterminacy membership and falsity membership of the element x,¢ V respectively and 
O<Tp(x;)+1p(x;) + Fo(x;) $3, Ve V.i=12,3....7. 

2. The functions Tg:EC VxV—[0,1], Ig:EC VxV->[0,1] and F9:Ec VxV [0,1] are defined by 





ele Tp (x;)Tp (y;) 
To ({ ee (x;)+Tp (y;)-Tp (xj) Tp (y;) 


" Ip (x;)+ Ip (yj) — 21 p (4) Fp (;) 
ee oa aoe 


e Fp (x;)+ Fp (y;)-2Fp (x:) Fp (y;) 
Fo ({x;,y;})2 1- Fp (x;)Fp(y;) 





Numerical Example: 


Figure 1 is an example of DSVNG Gy =(P,Q) of the graph G=(V,E) such that the vertex set is 


P ={(i,(0.5,0.1,0.4)),(j,(0.6,0.3,0.2)),(k,(0.2,0.3,0.4)),(2,(0.4,0.2,0.5))} 
and the edge set is given by 
OQ = {(ij,(0.4,0.3,0.5)),( jk, (0.2,0.4,0.5))}, (ki, (0.2,0.4,0.6)), (il, (0.3, 0.4, 0.6)) 
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k kl I 


Fig.1.Dombi Single Valued Neutrosophic Graph 
Numerical Computation: 


To find To(i): 

(0.5) (0.6) 
(0.5)+(0.6)—(0.5)(0.6) 
To find Jg(¥): 

(0.1) +(0.3)-2(0.1)(0.3) 
1—(0.1)(0.3) 


Ty (ii) $ < 0.4, hence To(i/) =04 


Iq (ui) > 0.3, hence Ig(i)=03 
To find Fo(y): 
(0.4)+(0.2)-2(0.4)(0.2) 
1—(0.4)(0.2) 
Similarly other values can be found. 


e While the membership values of truth, indeterminacy and falsity are not in the interval form then the 
DSVNG can be used to get the solution or output of the system for the linguistic terms. Hence DSVNG 
is a special case of interval based Neutrosophic graph which is proposed below. 


Fo (ij) > > 0.5, hence I(i)=05 


4.2 Dombi Interval Valued Neutrosophic Graph (DIVNG) 


A pair Gy =(P,Q)is DIVNG, where p=(/74.79 ],[ 15.12 |, Fe.FP |}> is an IVN set on V and 


O = (13.78 || 16-48 jf FG. Fo }) is an IVN edge set on E satisfying the following conditions: 


1. Degree of truth membership, indeterminacy membership and falsity membership of the element 
x,;€ V are defined by Tp :V [0,1], Tp :V—[0,1] ,16:V—[0,1], Is: V—[01], Ip :V—[01] and 
Fp >V [0,1], Fp : V [0,1] respectively and 0<Tp(3;) +Ip(x;) + Fp(x;) <3,Vxe V,i=1,2,3,....0 

2. Degree of truth membership, indeterminacy membership and falsity membership of the edge 


(x,y, Je Eare denoted by the functions, 7 :VxV [0,1] ,7o :VxV [0,1] 1g: VxV [01], 


Ig :VxV[0,land Fj: VxV [0,1], Fo :VxV [0,1] respectively and are defined by 


; ; ; Tp (x;)TP (y;) 
Tp (x;)Tp (9; 
To ({x:,y;})< ele 


Tp (x;)+Tp (y;)-Tr (x;)Tp (y;) 
e ies ee 
oe ee 1- Ip (x;)1p (y;) 
U ({2; y;})2 Ip (x;)+ Ip (y;)-2Ip (x; )Ip (y;) 
—_ 1- Ip (x;)Ip (y;) 
+ rb (bse ))2 POO AE ae ad 
Laie (a) 2p (y;) 
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‘ a ‘ Fp (x;)+ Fp (y;)-2Fe (x;) Fp (y;) 
Po On a avegesG 


Where 0 < To ({x;, y;}) + Io ({x;, y;}) + Fo ({x;, y;}) < 3,V{ xy ;fe E (i, j = 1,2,...,7) ' 
Numerical Example: Fig. 1. is an example of Dombi Interval Valued Neutrosophic Graph 


P = {(i,[0.5,0.7],[0.2,0.3],[0.1,0.3]),(7,[0.6,0.7].[0.2,0.4],[0.1,0.3]) 
(k,[0.4,0.6],[0.1,0.3],[0.2,0.4])} 


)) 
o ={(i,[0.4,0.5],[0.4,0.5],[0.3,0.5]), ( jk,[0.3,0.5],[0.3,0.5],[0.3,0.5]) 
5]) 


j 


(ik,[0.3,0.5],[0.3,0.5],[0.3,0. 


Numerical Computation: 


To find Ty (7): 


ae (0.5)(0.4) ; Te 
TE = Warr (oa) osyoay so Nene BUI 
To find 16 (ij): 


15 (ij) > (0.2)+(0.2)-—2(0.2)(0.2) 


1—(0.2)(0.2) 
To find FO (i): 
(0.1) +(0.1)—2(0.1)(0.1) 
1—(0.1)(0.1) 


Similarly other values can be found. 


> 0.3, hence 16 (i) =(.4 


Fg (ij) 2 > 0.2, hence 16 (i) =03 


J jk k 
Fig.2. Dombi Interval Valued Neutrosophic Graph 


e From the definition and numerical examples of DSVNG and DIVNG, it is found that Dombi Fuzzy 
Graph is a special case of DSVNG and DIVNG. 


4.3Definition: Cartesian product of Dombi Interval Valued Neutrosophic Graphs 


Consider 4; , a Neutrosophic fuzzy subset of V;and 0; , a fuzzy subset of E;,i=12. Let Gyji(4.6,) and 


Gy (4y.5>) be two Dombi Neutrosophic Fuzzy Graphs of the crisp graphs G(V,4) and G>(V>, Ey) respectively 
and are defined by 
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(al x AB\(xy.39)=—-—A (2) , for all (4,2))e¢ VjxV> and 
Ay (3) + Ay (22) - A (21) Ax’ (22) 


(5 x54 )((x,22)(x y2))= ___ A) (m2) __ for all xEVj, %»€E, 
A’ (x) + AX (x292)- At’ (x) AY (x22) 


L L 
5 x 5F \((x4,2z) (yz -__ 22) i) for all ZEW, yyek 
[a <4E lm. 2)(o4-2) AE (2) + E (491) — AF (2) dE (x91) 


Similarly for Indeterminacy and Falsity memberships with upper and lower membership values. 


4.3.1Proposition 


Let Gxj and Gyp be the Dombi IVN edge graphs of G, and Grespectively. Then Cartesian product of 
two Dombi IVN edge graphs is the Dombi Interval Valued Neutrosophic edge graph. 


Proof: 
Let E={(x, x2) (x, y2)/xE Vix ype E>} U{ (41,2) (91,2) /ze Vo, NYE E;} 


Consider x€ Vj, %92 € Eo 
By the definition of Cartesian product of IVNG (Broumi et al. 2016) 


(75,75, )((s2) (292) 
Tp, (x2)Tp (¥2) 
“TE (ea)“TE (09) TE (a) (2) 
< min i (x),min (TE (x2). Tp  (92))] = min (min (ry (x).7%, (x2))-min (TH (2). Ty, (>2))} 
= min (74 x7 )(x.22).(tE x 7h )(x 92) 
a i aera i an 


- min( Ty ae (x292)} = mn(1,75, (x22) § 


(78, x78, J((%2)(%92)) 
Tp (x2) Tp (¥2) 
Tp (x2)+Tp (¥2)-Tp (22) Tp (92) 
< min (Tf (x), min (77) (x2), L Y (v2))} = min (min (7f (x), is (x2)), min (Tp) (x), Ta, (v2))] 
= min ((rq x Ty (a. x2), ey ae yi (x, yo) ) 


. ti deat hey 


= min (Ty Oa, (x2y2)] =™N (LTS) (x92) . 


(15 x14, \((xsxa)(x.y2)) =max (14 (x).12 (2290)) 
> TCN(If (iG _ es x), Ip (22) smax{1F (2) 7H (02))] = max (7 xB \((xx9)).(14 x8 \((22¥2))] 


Alc 


ts xIo, (sx) (a y2)) =max (7? (x).1G, (x2y2)] 
> TON (IP (x).18, (#292) =max (max (74 (x).14 (x2))-max (12 (x).78 (y2))) = max ((1Y x14) (xa). (14 «1 )((x92))) 
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hs ex cay (BaF Jn 


[FE x Fe J((xx2)(2y2)) =max( Fy (x),Fo (x2y2)] 
>TCN (Fp (x).Fo, (x2y2)} = max (m max x (Fy (x yi Fp (2)),max (Fe (x), Fp (v2))] = max (FA x Fx )((ea2)). (Fy x Fx, )((%¥2))} 
(FR Fe) 92) + (Fa Fe }(Cos92)) 2 Fe Fa J 22)) (FEF C22) 


[er oa (Ep Oo 


(Fd x FY eeniin mantis a 
>TCN( Fp (x),F , (x2 y2) ) ial (x2)), max (Fp, (x). Fx (v2))) = max ((Fy! x FH )((x42)).(Fe x Fp, (C92) 
> ie - 


bert x2) et x Fo ae y2)) 


Consider z¢ V>, «191€E| 
(74 x78 \((x1,2)(1,2)) 
Tp (21) +Tp (91) Tp (21) Tp (04) 
< min( min (7 (x1). T (1). 7h (z)| = min(min(7 4 (1). TH (2)).min (7% (1). 75 (z))) 
= min ((74 x 7p \(n.z).(7 x TE )Or-2)] 

(TH <TH \(a1.2)( Th xTp \(o1-2) 


sc Sy en ha a Py ky Sp ee 
(7, ‘ae \(a.2)+(7F Sip \(ou-2)-(7F xT p \(.2)(Tp Ae JOovz) 


=min(75 (a11).Tp (z ) =1N (Tg (471), i)= i (x19) < 


(75, x78. \((4-2)(o1-2)) 
en : Tp (a1)Tp (01) 
=min( to, ain) (2) = 19 (TG Cond) =1Q (00) STC) ae Oo 
< min (min (Tf (1).7H (n1)).78 (z)] = min (min (7f! (1), TH (z)),min (7 (01), 78 (z))} 
= min ((rf Mi Gna xTy \(o1-2)] 
a. Mea z) 


el. \((x1-2)(01.2)) 

=max (75 (x9).Tp (2)] > max (max (17 (1).t4 ()).5 (z)| = max (max (75 (x1). 14 (2)),max (74 (91).7h (<))} 
= max ((75 AE \(m,2), (14 x18 \On, 2)} 

(aXe (oz) + (1h Ip }( (1,2) )-2(7f x Tr, | (x. z) (7p Th \(2) 

- I~ (rr jon.) 12 x78 Joona) 
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(18 x18 \((x1,2)(12)) 
=max(78 (x191).T pant i (x1).19 (1) 18 (2)) 
=max(max (74 (x).18 (2)),max(7} d (z))} =max((12 x1 \(n.2).(28 x28 Jor 2)] 
(tg xty a2) + (tp xp v2) a atadil x1 Yor z) 

( 


U U U U 
1-10 xr Jonz)(7 > @ | ? Ov) 


U 


(#5 x Fd, ((a12)(002)) 

= max (5 (x91). Fp (z)) > max (max (#4 (x1). Ff (o1)) FE (2)) 

Sey (max (Fy (x), FE (2)),max (FE (1), FE (<))} s max ((F} x FE) (x,2),( FE x FE )Or2)] 
: Coes \(a.z)+ (Rex re |(ov.2)-2( RR x Fe \(.2) (Fx x Fp Jon) 


L L L L 
1-(FEx FR \(4,2)( Fp x Fx \( 01-2) 


(FS x FY \((m-2)(1-2)) =max (FG (1191). Fp, (z)] > max (max (Ff (1),.Fp (1)).FE (<)] 
= max (max (Fy! (x1).Fp, (z)),max (Fp) (v1). Fp, (z))) = max ((F} x FE \(x,2),(Fe x FE (v2) 
- 1-(FY x FY \(ay,2)[ FE x FY \(o1.2) 


Note: Cartesian product of two IVNEGs need not be IVNEG. 


Numerical Example: 


Consider two crisp graphs Gy, =(A4j,B,) and G2 =(42,.B)), where V, ={a,b} ,V>={c,d} ,  ={ab} and 
E={c,d} . Consider two Interval Valued Neutrosophic Graphs Gy; =(9,.Q,;) and Gy» =(P.Q>) 
P, = {(i,[0.5,0.7],[0.2,0.3],[0.1,0.3]),(7,[0.6,0.7],[0.2,0.4],[0.1,0.3])} 


O, = {(ij,[0.3,0.6], [0.2,0.4],[0.2,0.4])} (Broumi et al.2016) 
i ij J 
Fig. 3. lIVNG Gn} 


= {(k,[0.4,0.6],[0.2,0.3],[0.1,0.3]), (7, [0.4, 0.7], [0.2,0.4],[0.1,0.3])} 


Q, = {(kI,[0.3,0.5],[0.4, 0.5], [0.3,0.5])} 
; =u 7% 


Fig. 4. IVNG Gn? 
Cartesian product of Gx; and Gyo (Gy XGnp ) 
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ik (ik jk) jk 
(il,ik) ii,jk) 
r (iL,jl) jl 


Fig. 5. Cartesian product of DIVNGs (Gyj XGnpz) 


Interval Neutrosophic Vertices and Edges 


= ([0.4,0.6],[0.2,0.3],[0.1,0.3]), jk = ([0.4,0.6],[0.2,0.4],[0.1,0.3]) 
il = ([0.4,0.7],[0.2,0.4],[0.1,0.3]), j7 = ([0.4,0.7], [0.2,0.4],[0.1,0.3]) 
(ik, jk) = ([0.3,0.6],[0.2,0.4],[0.2,0.4]), (jl, jk) = ((0.3,0.5],[0.4, 0.5], [0.3,0.5]) 
(il, j) = ([0.3,0.6],[0.2,0.4],[0.2,0.4]) , (#,ik) = ([0.3, 0.5],[0.4,0.5],[0.3,0.5]) 
To find ik: 
(Tx x Ty: ) (i,k) = min (Tf (i), TE (k)) = min (0.5,0.4) =0.4 
(15 xIf )(i,.k) = max (If (2), 15 (k)) = max (0.2,0.2) = 0.2 
(Fe x Fe ) (i,k) = min ( Fe (7), Fx (k)) = max (0.1,0.1) =0.1 
Similarly for other values. 
Interval Neutrosophic Edges: 
To find (ik, jk): 
(75; x75, )((i.&) (j,k) = min (73, (i/).7p (k)) = min (0.3,0.4) = 0.3 
(15, x16, )((i,k)(J.)) = max (1G (i). 15, (k)) = max (0.2,0.2) = 0.2 


(FE x FG, ) (i,k) (1.4) = max ( FG (if), Fe (k)) = max (0.2,0.1) = 0.2 


To check the condition of Cartesian product of Dombi Interval Neutrosophic Edge Graph 
as eer (7% x Tp |((k)) (Tx TE )((i-4)) 
(79, x79, ((i-4)(U-4))s Ee ical ie j One a ae jee baa eG 
(7 xTp (4) + (7p xTp \((i-k))-(Tp xTp (@)(7 xT py \((i-) 
(0.4) (0.4) 


—_____~__/*__“______=()3, hence satisfied. 
(0.4) +(0.4) —(0.4)(0.4) 


O.3< 
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lt et Vantin) ; te Ip )((ik)) + (15 xIp \((4-4))-2( 1h x Ip (4) 15 xIp }((i-4) 
a 1-(16 «1h \((i.4))( Tp x15 (UE) 
(0.2) +(0.2)-2(0.2)(0.2) 
1—(0.2)(0.2) 
(Fax Fx )((i4)+( Fp Fp (Ci) -2( Fp x Fp (60) (Fp FE (U0) 


1-(Fex Fp \((i4)) [Fp x Fp \((i-4)) 


0.2> — (0.33 , hence not satisfied 


(5, x5, \((K)(4.4)) 2 


(0.1) +(0.1) -2(0.1)(0.1) 
1—(0.1)(0.1) 

Similarly for other edges. 

Hence Cartesian product of two Dombi Interval Valued Neutrosophic Edge graphs need not be a DIVNEG. 


0.2> — (0.2 , hence satisfied. 


4.4Definition: Composite product of Dombi Interval Valued Neutrosophic Graphs 


Consider 4; , a Neutrosophic fuzzy subset of V;and 0;, a fuzzy subset of E;,i=1,2 . Let Gy) (4,6) and 


Gyn2 (4.62) be two Dombi Interval Valued Neutrosophic Graphs of the crisp graphs G (V.E) and G> (Vy, E>) 
respectively and are defined by 


L L 
Ab o AK \(x4,.x ee CS) ne all (41,2))€ V.x V2 and 
(4 Jen o A (x1) + AX (x2) - AP (24) AX (22) — 
Dia 
(5 © 84)((x,9)(x y2)) == ©) 22) _ for all xeV, yp Ep 


AE (x) +Ak (ap y2)— Ab (x) AE (x22) 


Ax (z) 5" (19) 
Of 0 5¥ \((24,2) (9,2) =————4 9 SE for all ze. V2, ay ek 
| | AX (z)+ OF (x11) - AX (2) OF (2491) 


(of 253 )((x,22) (1.92) 


_ Ay (x2) AS (y2) 5 (x11) 
AX (x2) AF (92) + AF (92) OF (191) + AF (2) dP (ayy) - 24 (22) AF (92) Can) 
for all 4ye Rand »#y% 
Similarly for Indeterminacy and Falsity memberships with upper and lower membership values. 


4.4.1 Proposition 
The composite product of two Dombi Interval Valued Neutrosophic Edge graphs (DIVNEGs) of G, and Gis the 
DIVNEG. 


Proof: 


From the proof of 4.1.1 


(ri xrh \((x,22))( Th xh )((x.92)) 
Ser x, xX9 )(x, < : 2 | 2 
@ 76, )( 2)(x; ¥2)) (7 Tp |((x-x2)) +(TpxTp )((x-¥2))-(TH Tp (Cx x9))(TexTp N(x y>)) 
(78 xr \((x.22))(78 x78 \((x.92)) 
U TU x, x9 )(x, < ! 2 2 
(75) Te YU 2) (x, y2)) (7H xr \((x.22))+(TH xTH \((2 yp))-(Tp xT \((x x))(Tp xT \((x y9)) 


(18 x18 \((4.22)(%.92)) 
; 1— (14 x18 )((x.x)).( 1h x14 )((x. 9) 
(18 x1 \((x.29)(92)) 
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; oR a Nant <1 \((x,93)) 
"a" FE ies y2)) 

: 1- (Fx FE )((x,29))-(Fb x FA \((x92)) 
[Fg x Fy ~~ y9)) 

- 1-(FY x FY \((x,x9)).( FR x FY \((x, y2)) 
Similarly for z€ V2, 4y¢E,. 

Now consider 4yEE,, #2 


oe, }((x1.42)(o1.92)) (Broumi et al. 2016) 


<min( Th (2). Tp (¥2)-T5, (%11)) 

< min (7H (x2). TE (v2)-min (Ty (1). Ty (v1))) = min (min (TF (41).75 (x2))-min (TE (01).7% (r2))] 
(oh orf ea) (oh orf Jorn) 

Ty Tp \((a1¥2))(T x oT H \((r-92))] 

(TF ° Tp )( (x1,.x9) (7% ° ea (1,92) 

(Re T » YU (x1,x)) ))+(TF « Ty \((-92) y2)) “(rf Te \((a x9))(TH Tp (1-92) 


ae O, mate x2)(1- 92) 


lA 


min(Tp ( TY (xy)) 
< min(7Y (x9), 74 (92) a TH (1) = min (min (79! (1). (22))-min (7g! (01).78 (v2))] 
= min/(( (TH ° Tt oe x2),(Tp rei (1. v2)] 
= ON ((t_ °Tp (a2) A pT, O12) 


2 Tp \((x1-22))+(Tp TH \((o1-92))-(Tp TH \((s2))(TH TH \((1-92)) 


te 7 x2 )(1,2)) 


== ax (1B (22 16 (xi) 

- ie vat saben -adthaadadathanted 
<a (( 1h, Joon 0h 18 Jos) 

ies )((x1.22) at otk \((n-y2))) 


i oe “ (22). (18 ork Moo) 


(18 ° oT. (1.22) 01-92) 
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Ip (2) Ip (92) +p (y0)Ig a rc tc = 2p (x a) Ip  (02)46 (191). 
= max (1 (x2).Fp (y2)1G (x191)} 
=TeW ((tp tH, (Corn). (1m 2% (1-22) 
- 1-(10 oh \((a2))-(19 018 \((s1-92)) 
(Fs Fe \((xx2)(1-92)) 
= max (FE (x). (92). FE (yi) 
> max (FF (x2). Fp (y2)-max (Fy (11). Fp (01) = max (max (Ff (11). FE (12), max (FF (1). Fx (v2))} 
= max (rf FE \(m.22).(RF © FE (1.92) 
= Ten ((Ff o FE \((x1.22)).(Fx °Fx (Or-92))) 
(eho rk) (n))+ (rier % \((o1-92))-2( Fp Fe |(1-22))-( Fp Fe (O92) 
: 1-(Feo rE )((x.29)). (Fee FE \ (1.99) 
(FY ore }(( (21,9) (91,92)) 
= max (Fp (%2).Fp (¥2).Fo, (x11) 
=7cn ((FY FY \((m,22)),(FY FY \((o1-92))) 
> 1-(FY FY \((x4,45)).(FY FY )((v1,99)) 


Hence the proposition. 


Numerical Example: 
Consider the same example as in numerical example for Cartesian product. 


Composition of two IVNGs (Broumi et al. 2016) 


P, = {(i,[0.5,0.7],[0.2,0.5],[0.1,0.3]),(7,[0.6,0.7],[0.2,0.4],[0.1,0.3])} 
= 
a 


( 
= {(ki,[0.3,0.5],[0.4,0.5],[0.3,0.5])} 


ij,[0.3,0.6],[0.2,0.4],[0.2,0.4])} 


k,[0.4,0.6],[0.3,0.4],[0.1,0.3]), (7,[0.4, 0.7], [0.2,0.4],[0.1,0.3])} 
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ik (ik, jk) jk 
(il,ik) Gigk) 
il (il, jl) jl 


Fig. 6. Composition of Gy; and Gyo (Gry °Gyz) 
(ik, jk) = ([0.3, 0.6], [0.3,0.4],[0.2,0.4]} . (jl, jk) = ([0.3, 0.5], [0.4, 0.5], [0.3,0.5]) 
(il, jl) = ([0.3,0.6],[0.2,0.4],[0.2,0.4]) , (i,ik) = ([0.3,0.5],[0.4, 0.5], [0.3,0.5]) 
(ik, jl) = ([0.3,0.6],[0.3,0.4],[0.2,0.4]), (jk, il) = ([0.3, 0.6], [0.3, 0.4] ,[0.2,0.4]) 
Other four edges has been given in Numerical Example 1. 
To check for Dombi Composition of two IVNEGs is an IVNEG. 


Consider 7 € Ey, 


te 0 To, (.4)G.0) = min| Tp (k) ie (1) ve (i) = min[0.4,0.4,0.3] = 0.3 


& Tp |((i.k)) + (Tp Tp \((i-!))-(Tp oTh\((i,k))(rE TE\((4) 


7 (0.4) (0.4) 
~ (0.4)+(0.4)—(0.4)(0.4) 


ie 017 5, WMC k)(7,2))= max| Tp, (k),1 BU) ie, (i?) |=max[0.3,0.2,0.2]=0.3 
renal ol 

1- (18 oF \(( rear 
_ (0.2) +(0.2)—2(0.2)(0.2 


) =(.3, hence satisfied 


-(.3, hence satisfied 


2 


1—(0.2)(0.2) 
(FS 0 ie (G0) = max| Fy (k) Fp ().% (i) = max[0.1,0.1,0.2] =0.2 


; 1-(F yo Fe \((E&)) (Feo Fp \((i0)) 


= (Oe oD) -(.2 , hence satisfied 
1—(0.1)(0.1) 
Similarly for other edges. 
Hence composition two Dombi Interval Valued Neutrosophic Edge graphs is a DIVNEG. 


5. Comparison of Traffic Control Management using different types of set and Graph theory 


The below table expresses the advantage and limitations of crisp sets, Fuzzy sets (Type-1 Fuzzy Sets), 
Type-2 Fuzzy sets, Neutrosophic Sets (Single Valued Neutrosophic Graphs), Interval Valued Neutrosophic Sets, 
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Dombi Fuzzy Graphs, Dombi Neutrosophic Graphs and Dombi Interval Valued Neutrosophic Graphs in traffic 
control management. This table also describe the role of triangular norms in control theory. In traffic control 
system, detection of latency of the vehicles in a roadway, estimation of the density will be done by sensors and it 
will send an interrupt signal to the control unit. After that using the controllers with logical operations, the 
roadway will be decided for giving the service first. At this junction, the logical operations of Dombi Interval 
Valued Neutrosophic Graphs can be used. 


Traffic Control Advantages Limitations 
Management 


Using Crisp Sets e Fixed time period for all the traffic density e Cannot act while there is a fluctuation in 
e Achieved to characterize the real situation traffic density 

e Unable to react immediately to 
unpredictable changes like driver’s 
behavior. 

e Unable to handle with rapid momentous 
changes which disturb the continuity of the 
traffic. 

Using Fuzzy Sets Different time duration can be considered e Adaptiveness is missing to compute the 
according to the traffic density connectedness of the interval based input 
Follow rule based approach which accepts e Cannot be used to show uncertainty as it 
uncertainties apply crisp and accurate functions 
Able to model the reasoning of an e Cannot handle the uncertainties such as 
experienced human being stability, flexibility and on-line planning 
Adaptive and intelligent completely since consequents can be 
Able to apply and handle real life rules uncertain 
identical to human thinking 
Admits fuzzy terms and conditions 
Performs the best security 
It makes simpler to convert knowledge 
beyond the domain 


Using Type-2 Fuzzy Rule based approach which accepts e Computational complexity is high as the 
Sets uncertainties completely membership functions themselves fuzzy. 

Adaptiveness (Fixed Type-1 fuzzy sets are 

used to calculate the bounds of the type 

reduced interval change as input changes) 

Novelty (the upper and lower membership 

functions may be used concurrently in 

calculating every bound of the type 

reduced interval) 


Neutrosophic Sets Deals not only uncertainty but also e Unable to rounding up and down errors of 
indeterminacy due to unpredictable calculations 
environmental disturbances 
Interval Valued Deals with more uncertainties and e Unable to deal criterion incomplete weight 
Neutrosophic Sets indeterminacy information. 
Flexible and adaptability 
Able to address issues with a set of 
numbers in the real unit interval, not just a 
particular number. 
Able to rounding up and down errors of 





calculations 
Neutrosophic Graphs e When the terminal points and the paths are e Unable to handle more uncertainties. 
uncertain, optimized output is possible 


Interval Valued Able to handle more uncertainties exist in e Unable to deal criterion incomplete weight 
Neutrosophic Graphs the terminal points (vertices) and paths information. 
(edges) 


Dombi Fuzzy Graphs e The Dombi Fuzzy Graph can portray the e Indeterminacy cannot be dealt by Dombi 
impreciseness strongly for all types of Fuzzy Graph. 
networks like traffic control. 


Dombi Neutrosophic e  Indeterminacy can be dealt by Dombi e Unable to handle uncertainty for interval 
Graphs Neutrosophic Graph. values provided by the expert’s 
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Dombi Interval Valued e Able to handle uncertainty properly for e Unable to deal criterion incomplete weight 
Neutrosophic Graphs interval values provided by the expert’s information. 





6. Conclusion 


Dealing indeterminacy is an essential work to get an optimized output in any problem and control 
system as well. It is possible only with Neutrosophic logic and that too effectively by interval valued 
Neutrosophic setting as it has lower and upper membership function for three independent membership functions 
namely truth, indeterminacy and falsity. In this paper, Dombi Single valued Neutrosophic Graph and Dombi 
Interval valued Neutrosophic Graph have been proposed. Also it has been proved that Cartesian product and 
composition of two DIVNGs are DIVNG with numerical example. Also an importance of the Neutrosophic 
Controllers has been given theoretically and its use in traffic control management. It has been pointed out that 
instead of using minimum and maximum operations, triangular norms namely T Norm and T-Conorm can be 
used in control system such as traffic control management. Advantage and limitations has been discussed for 
crisp sets, fuzzy sets, and type-2 fuzzy sets, Neutrosophic Sets, Interval Valued Neutrosophic Sets, Neutrosophic 
Graphs, Interval Valued Neutrosophic Graphs, Dombi Fuzzy Graphs, Dombi Neutrosophic Graphs and Dombi 
Interval Valued Neutrosophic Graphs. 
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Abstract. Neutrosophic (NS) set hypothesis gives another way to deal with the vulnerabilities of the shortest path problems 
(SPP). Several researchers have worked on fuzzy shortest path problem (FSPP) in a fuzzy graph with vulnerability data and 
completely different applications in real world eventualities. However, the uncertainty related to the inconsistent information 
and indeterminate information isn't properly expressed by fuzzy set. The neutrosophic set deals these forms of uncertainty. 
This paper presents a model for shortest path problem with various arrangements of integer-valued trapezoidal neutrosophic 
(INVTpNS) and integer-valued triangular neutrosophic (INVTrNS). We characterized this issue as Neutrosophic Shortest way 
problem (NSSPP). The established linear programming (LP) model solves the classical SPP that consists of crisp parameters. 
To the simplest of our data, there's no multi objective applied mathematics approach in literature for finding the Neutrosophic 
shortest path problem (NSSPP). During this paper, we tend to introduce a multi objective applied mathematics approach to un- 
ravel the NSPP. The subsequent integer valued neutrosophic shortest path IVNSSP) issue is changed over into a multi objec- 
tive linear programming (MOLP) issue. At that point, a lexicographic methodology is utilized to acquire the productive ar- 
rangement of the subsequent MOLP issue. The optimization process affirms that the optimum integer valued neutrosophic 
shortest path weight conserves the arrangement of an integer valued neutrosophic number. Finally, some numerical investiga- 
tions are given to demonstrate the adequacy and strength of the new model. 


Keywords: Triangular neutrosophic fuzzy numbers; shortest path problem; network distribution; optimization technique; 


1. Introduction and review of the literature: 


The SPP, which uses on determining the shortest path (SP) between a specified source vertex (SV) and 
destination vertex (DV), is a well-known and fundamental combinatorial optimization problem. The SPP appears 
in many real life applications, e.g., routing [1], supply chain management problems|2], computer networks [3]| 
etc. as a sub problem. Some effective algorithmic approaches were introduced by Diykstra[4] and Floyd[5] in 
between 1950 and 1970. We refer these algorithms as classical algorithms. In classical algorithms for SPP, the 
costs of the arcs in a SPP are considered as real numbers, 1.e., crisp number. 


The arc costs of a SPP are used to represent the travelling cost, distance, time or other variable in the real world 
scenarios. In practical application of SPP, the edge weights in the path of a graph have some parameters which 
are very hard to find exactly, 1.e., capacities, distance, costs, demands, traffic frequencies, etc. For example, the 
geographical distance between two cities may be recognized exactly, however, the travelling cost or travelling 
time may change due to weather, accident and traffic flow. So, the edge weights are nondeterministic in such 
situations and it is impossible to use the classical algorithm to find exact solution of the SPP in such uncertain 
environment. Many researchers thought that uncertainties due to nondeterministic environment adjust to 
randomness and they proposed the concept of probability SPP[6-7] and stochastic SPP[8-9]. Fuzziness is applied 
to randomness for dealing uncertainties of SPP. The SPP with fuzzy arc lengths (FAL), defined as FSPP, 
represents the type | fuzzy (TI-F) number as FAL. Dubois and Prade[10] first introduced FSPP based on 
classical Floyd and Ford-Moore-Bellman method. Till date, numerous researchers have worked on FSPP[11-22]| 
T1-F variables are generally used in FSPP. However, if the arc lengths of a graph change under some specific 
condition such as travelling time or arc lengths are collected from more than one source which changes regularly. 
So, it becomes very hard to represent those lengths by using T1-F number. For example, we are generally unable 
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to give the mathematical description of traffic frequency of a road in different time. These types of information 
are collected from a set of person using some questionnaires which consists of uncertain words. The classical 
fuzzy set is unable to handle these types of uncertainties as their membership values are completely crisp. These 
types of uncertainty can be modeled by type-2 fuzziness. In type 2 fuzzy(T2-F) sets have membership values that 
are also fuzzy. Few researchers have work on SPP with T2-F set as arc lengths. The membership degree in fuzzy 
set or T2-F set is unable to model the ambiguous situation of the SPP. To solve this problem, Atanassov[23] 
have introduced the idea of intuitionistic fuzzy (INF) set which is described by membership and non- 
membership degree and it can also deal the imprecision information. Recently,[24] has used INF set as arc length 
of SPP. However, TI-F set, INF set and T2-F set have no capability to understand all possibilities of 
indeterminate or inconsistent information of SPP. 


We use multi objective linear programming (MOLP) optimization approach on this paper. The traditional MOLP 
is related to crisp parameters. However, in real world situation, the variables for multi criteria decision making 
(MCDM) troubles are obscure in nature which has been discussed above. Such vulnerabilities results to 
expanded troubles in the related streamlining endeavors. Basically evading these vulnerabilities 1s unfortunate as 
it might influence the choice making[25-26]. Henceforth, vulnerability ought to be taken care of by inaccurate 
LP techniques. Amid the most recent couple of decades, immense number of vague LP techniques has been set 
up to deal with different vulnerabilities. Those methods classified into three classes, 1.e., single objective fuzzy 
linear programming, bi-objective fuzzy linear programming, and multi-objective fuzzy linear programming. 
Najafi&Edaltpanah [27], Hosseinzadeh &Edaltpanah[28], and so forth. There have been many researches in past 
regarding multi-objective linear programming technique under neutrosophic environment. Das and Roy [29] 
suggested an innovative application of neutrosophic optimization technique in riser design problem. Hezam et al. 
[30] came up with Taylor series approximation to solve these kinds of problems. Sarkar et al.[31] attained 
powerfully neutrosophic goal programming process using structural design optimization. Ahmed et al.[32] 
proposed an interesting technique for solving nonlinear problems using hesitant fuzzy computational algorithm. 
Fahmi et al.[33] proposed Triangular Cubic Hesitant Fuzzy Einstein Hybrid Weighted Averaging Operator, 
Islam & Ray[34] introduced Multi-objective portfolio selection model. To the excellent of our facts, there's no 
multi-goal LP version in literature for SPP with NS number. 


In this paper, we represent the edge weight as neutrosophic number. In 1998, Smarandache[35-36] has 
introduced the idea of NS set which can deal with vague, indeterminate and inconsistent information of the 
problem that may exist in the real word scenarios. It is an extension of crisp set, T1-F set and INFu set. A NS set 
is described by three membership degrees of truth, indeterminate and a false. This three independent membership 
degrees are within the non-standard unit interval | 0, 1+[. However, the membership degree of fuzzy set lies 
between the interval [0,1]. Recently, the NS set is used for modeling many engineering applications because it 
can deal with incomplete information as well as the inconsistent and indeterminate information. Some of the 
recent works on NS related problem are available in references [37-46 |. Moreover, there are many researchers 
who have introduced some significant operators for decision- making in engineering technicalities under 
neutrosophic environment. Ye [47] invented a new operator for trapezoidal neutrosophic set, Deli [48] proposed 
innovative operators on single valued trapezoidal neutrosophic numbers, Gulistan et al.[49] introduced 
Neutrosophic Cubic Mean Operators and Entropy , Khan et al.[50] attained Interval Neutrosophic Dombi Power 
Bonferroni Mean Operators, Fahmi et al.[33] proposed Triangular Cubic Hesitant Fuzzy Einstein Hybrid 
Weighted Averaging Operator, Khan et al.[51] suggested Neutrosophic Cubic Einstein Geometric Aggregation 
Operators and many others[52-58] These operators are used in handling different real life technicalities. We have 
tabulated all those important influences of different researchers who have introduced these real life applications 
in Table 1. 


Table 1. Important influences of different researchers for real life applications of operators for decision-making 
under Neutrosophic environment. 


Author and references Year Significance influences 

Kour & Basu [59] 2015 Real-life transportation problem using extended fuzzy programming 
techniq-ue. 

Shahzadi et al. [60] 2017 Single-Valued Neutrosophic Sets in Medical Diagnosis. 

Mohamed et al. [61] 2017 Neutrosophic integer programming problem. 

Kour & Basu [62] 2017 Sorting of transportation companies. 

Abdel-Basset et al. [63] 2018 Linear programming problem applied in diary industries. 

Mondal et al. [64] 2018 Single valued neutrosophic hyperbolic sine similarity mea-sure based on 
madm strategy. 

Altinirmak et al. [65] 2018 Evaluation of mutual funds’ performance via a case study carried out in 
Turkey. 
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Alava et al. [66] 2018 Analytic hierarchy process for project selection. 

Dey etal. [67] 2018 Minimum spanning trees for undirected graphs. 

Teruel et al. [68] 2018 Selection of cloud computing services based on consensus. 
Broumi et al. [69] 2018 Spanning Tree Problem with Edge Weights. 

Mohamed et al. [70] 2017 Critical path problem. 


Table 2, charts some significant influences towards NSPP. Based on the previous discussions on SPP and 
currently available data as mentioned in below table, there are no existing methods which are available for 
MOLP under neutrosophic environment .Therefore, there is a need to establish a neutrosophic version multi 
objective linear programming for neutrosophic shortest path problems. 


Table 2. Significance influences of different authors towards neutrosophic shortest path problem 

Author andreferences Year Significance influences 

Broumi et.al.[71] 2016b Dykstra principle for interval based data based problems. 

Broumi et.al.[72] 2016c Single valued trapezoidal NS numbers for dijkstra principle 

Broumi et.al.[73] 2016d Single valued NS Graphs in SPP 

Broumi et.al.[74] 2017a Neutrosophic setting along with trapezoidal fuzzy for proce-ssing SPP. 
[75] 


Broumi et.al.[75 2017b Bipolar neutrosophic environment. 


Broumi et.al[76] 2017c  Interval-valued NS setting environment for process-ing SPP. 

Broumi1 et.al[77] 2018 = Invented decision-making problem for maximization of deviation method 
with partial weight under the neutrosophic environment 

Kumar et al.[78] 2018 A new algorithm based on score function for finding the neutrosophic 
shortest path problems. 

Broumi et.al.[79] 2019 — Interval valued trapezoidal and triangular neutrosophic envir-onment using 


improved score and center of gravity function for finding SPP. 


To the nice of our facts, there are no multi-objective linear programming (MOLP) models in literature for SPP 
under NS environment. Additionally, the currently available methods for solving SPP have a significant number 
of limitations and drawbacks which have been explained in different sections of this paper. This complete scena- 
rio has motivated us to come up with a new method for solving SPP with neutrosophic range which are formu- 
lated and solved with the use of multi-goal linear programming model for the first time. 


NS set theory is documented technique to manage uncertainty in optimization problem. SPP with NS variety etc. 
area unit represented by few researchers. The most contributions of this paper as follows. 

e This approach helps to resolve a new set of problem with NS number. 

e We define the SP problem below integer valued neutrosophic surroundings and recommend an efficient 
answer technique to locate the ultimate integer valued neutrosophic path weight and the corresponding 
integer valued neutrosophic course. 

e First time within the literature of neutrosophic set, we tend to introduce a lexicographical approach in 
conjunction with multi objective linear programming method. 


Whatever remains of the paper is systemized as pursues: In Segment 2, some fundamental ideas of whole 
number esteemed neutrosophic numbers are exhibited. In Segment 3, the scientific detailing of the SP issue 
under whole number esteemed neutrosophic condition is given.and also, another technique is proposed for taking 
care of a similar issue. In Segment 4, a numerical precedent is given to represent the proposed arrangement 
system. In segment 5, result and disscussion. At last, we conclude the paper in Segment 6. 


2. Preliminaries 


Definition 2.1: [80] : Let X be a space point or objects, with a genetic element in X denoted by x. A single-valu- 
ed NS, V in X is characterised by three independent parts, namely truth-MF 7, , indeterminacy-MF J, and falsity 
-MF F,, such that 7, :X —[0,1],/,:X [0,1], and F, :X —[0,]]. 


Now, V is denoted as Vs \< x,(T, (x), 1, (x), F,(x)) > Jxe Xt, satisfying 0<7,(x)+/,(x)+F, (x) $3. 


ijl?" ij,m?" ijk fl? ij,m?"ij,k fl? ij,m?"ij,k 


Definition 2.2: [81]: Let?” = (i, rh He Host iF (1 ewe ) is a special NS on the real number 


set R, whose truth-MF A.(x), indeterminacy-MF V, (x), and falsity-MF O,(x) are given as follows: 
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’ ae ~~ I, st — x < Tim? 
(Fin -%,) 
A,(x) = 1 X=T i ms (1) 
Tye SB Se 
0 otherwise. 


("4 2) 
ae ee ee 


ij 
ie - Vi ) 


0 Vat (2) 


(x= rn) 
ij,m 
ee <xXS Fy ? 
(ris Fin) 
ijk ij,m 


1 otherwise. 


ij,m? 


V(x) = 


U(x) = 0 x=h ys (3) 





1 otherwise. 
Where 0< A.(x)+V,(x)+U,(x) <3, xer” 
The parametric form is defined as follows 
ie Vox = | A. (5), Av. (5); Vin (V)5V ave (V3 Om (77), 0 a2 (7) | , Where 6,v,77 € (0,1) 


Aw: (5 Ty +5(r,,, “i 
A x2 (d = Vis k -6(, i k i 
pn ( ij,m (7; m are 


O02 (2) = Fon *(m Zia} 
Example 2.1: Now consider the a integer value neutrosophic number 1.e. <(0.3,0.4,0.6);(0.1,0.4,0.5);(0.3, 0.5, 
0.7)> then we get the membership function as shown in figure 1 where red graph denotes truth membership , 
green denotes falsity and blue denotes indeterminacy function. 

Definition 2.3:[61-63]: Arithmetic operation).Let 7” = (i, a eG FemoTinn) (" rr ) and 


iL?" i,m?" ij ,k if 1?" i,m?" ij,k ij 1?" ij,m? "ij, 


ev = ((s.2 s. eae eee ).(s Seas ) be two arbitrary SVTNNs, and @ = 0; then: 


Zl?” ij,m?” i,k jl?” j,m?™ ik 
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an AN , nL 7 a \ # “ . : 
r Os = (nat 5) Fim * Syno%ie +550): (Fy, + Sy 157 Tim T Simo" hee Pye): 


(rs +5y4> him Tim * Simo" fon *Sea)) 


r @s Sp rere ra oe ae) 


(ri, Sibi” Sijmo Mik Sai k ) 


or” = ((0%,159%)m ua): (Or, Or, ets), (nae m? On,.)) if (0 > 0) 





oO 02 OA 0.6 os I 


Figure 1: membership of function of example 2.1. 


Definition 2.4: [47]: Let 7” =((r, rn ha) (x, lr, 51, ), (; lr, 5M; ) then the score function and the 


ijl? ij,m? ik JO\ G1? ij,m?’ i,k il? ij,m? i,k 


accuracy function are defined as follows: 


~\ 1 — 

s(7)= [8+ (H 42% nT) (7, +2: im +6) (7%. +2- rim thax) 
Pome oly come a 

H(7)= al (ia +2 lin * Tye) (7. +2: Fm * Ta) 


oo . AN _ S—_—s [NC I ™ rN 
Definition 2.5. [47]: 7° = (eee! @ Timo", tin)) and s” = Geno Caer ), 


(s,.155 Simo Sii,k be two arbitrary SVTNNs, the ranking of 7 and s by score function is described as follows: 


ye 
if s 

w7 ifs i al 
b. 


3. The Proposed model 


Before we start the main algorithm, we introduce a sub-section 1.e., shortcoming and limitation of some of 
the existing models: 


3.1 Discussion on shortcoming of some of the existing methods 
At first, we talked about the inadequacy and constraint of the current techniques under various kinds of 
NS condition. 


Broumi et al.[73,75-77] proposed various techniques to locate the most brief way under various sorts of NS 
condition. In any case, we watch few shortcoming and confinement of the current techniques which 1s talked 
about beneath. 
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1. Author utilized some invalid numerical presumption to tackle the issue. This has been talked about 
in detail in Example 3.1. 

2. Author utilized some numerical definition for anticipating the best course among the two conti- 
nuous ways. In any case, we see that this presumption can't anticipate the best course if both the 
way has a similar score work. This has been talked about in detail in Example 3.2. 

3. Author used some invalid mathematical assumption to resolve the matter. This has been mentioned 
well in Example 3.3. Here, we have a tendency to observe that the authors used score and accuracy 
functions with constant price. However, by this formulation, it's troublesome to settle on the short- 
est path in between the 3 consecutive nodes. Therefore, we can’t decide the higher route to achieve 
the destination and therefore the journey is terminated 


Therefore, we tend to conclude that the present technique isn't valid because of higher than mentioned short- 
comings and limitations. This has driven us to propose few new strategies that overcome such limitations 
and also the projected strategies are careful below in section 4. 


Example 3.1: Broumi et al:[73] Here authors have considered two arbitrary i.e.,é, f be the following IVTrNS 
numbers: 


é = ((0.36,0.58, 0.75), (0.06, 0.25, 0.36), (0.04, 0.1,0.18)), 
f =((0.4,0.6,0.8),(0.2,0.4,0.5),(0.1,0.3,0.4)). 
We observe that the authors used the identical invalid mathematical assumption to solve the hassle 1.e., 


S(éE+ f)=S(@)+ S(f) 


Our goal is to show that the above-taken into consideration assumption isn't legitimate for all instances such as 


S(E+ f) # S(E)+S(f). 


Solution : In this example, the authors Broumi et al. (2016), kind of like strategies of Broumi et al.[73,75- 
77| contemplate the incorrect assumption. in keeping with the strategy of Broumi et al. [73] [see; iteration 
five, page no 173, ref. Broumi et al. (2016)] , we have:: 


safe (ome 8 ae 
(0.04, 0.1,0.18) (0.1,0.3,0.4) 

é+ f =((0.616,0.832,0.95),(0.012,0.1,0.18),(0.004, 0.03, 0.072)). 

Therefore, we get, S(é+ f) = 0.8225 . but S(é)+ S(f) = 1.1394. 


Hence, It is clear that S(é+ f) # S(€)+S(/). 
Subsequently, In this manner, we can say that the technique for Broumi et al.[73] isn't substantial. 


Example 3.2: Let us keep in mind a network proven in figure 1. The supply node 1.e. 1 1s connected to a few 
special nodes i.e. node 2, node three, node four with the subsequent values: 


Are(1,2) = ((1,3,15),(1,2,3).(2,4,12)), 


Are(1,3) = ((3,5,14),(1,1,5),(4,6,11)), 
Arc(1,4) = ((7,10,15),(0,2,4),(8,11,12)), 


Figure 2.The network with 6 edges and 5 nodes. 





Here author aim is to predict the simplest path best route among the three consecutive ways. 


we observe that we won't predict the simplest route if a number of the trail have a similar score perform. 
Solution: To succeed in the destination node from the supply node, there square measure 3 doable ways that, 1.e., 
via node 2, node 3 or node 4. However, in keeping with the Definition 2.4-2.5, the projected technique gives: 


s(Arc(1, 2)) = s( Arc(1,3)) = s(Arc(1, 4)) =0, H (Arc(1, 2)) = H (Arc(1,3)) = H (Arc(1,4)) = 0 
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Here, we have a tendency to observe that the authors used score and accuracy functions with constant price. 
However, by this formulation, it's troublesome to settle on the shortest path in between the 3 consecutive nodes. 
Therefore, we have a tendency to can’t decide the higher route to achieve the destination and therefore the 
journey is terminated. 


Example 3.3: We consider two arbitrary, 1.e., é, f be the following two different Type IVTpNS numbers: 
é = ((1,3,15),(1,2,3),(2,4,12)) 
f =((3,5,14),(1,1,5),(4,6,11)). 


We observe that the authors used the identical invalid mathematical assumption to solve the hassle, 1.e., 
if s(@)=s(f) and H(@)=H(f) then é= f 

Our goal is to show that the above-taken into consideration assumption isn't legitimate for all instances.. 

This above circumstance is valid simplest when é = f then only H(é) = H(f) and s(é)=s ( f 


but not necessarily it is valid if s(@)=s(f) and H(é)=H(f) thené= f 

Solution: Broumzi et al. [63] suggested mathematical formulas show that 
s(é)=s(f)=0 , H@=H(f/)=0 

Here, we observe that if s(é) = s(f) and H(e)= H(f) then é = f 


but in this case, e+ f . Hence, we conclude that the method suggested by Broumi et al.[73] IVTrNS 
environment is scientifically incorrect. 


3.2. Existing crisp model in SPP 

In this section, we have a tendency to study the notation and existing linear model in crisp and proposed 
neutrosophic SPPs. 

Notations 

Q : Starting node 

O : Final destination node 


yey : The total flow out of node s. 
k=l 


aE : The total flow into node s. 

k=l 

RK, : The shortest distance from associate degree m" node to k" node. 
The crisp SPP problem within the applied math model is as follows [78,82 | 


Min = YY RKy, on 


m=1| k=1 
Subject to: (4) 
ye ee = Kn 
m=1 k=] 
for all x,, € and non-negative where m,k =1,2,.....,s and: 
lif m=Q, 
Kos Of sma OFLOF 2a ,O-1 (5) 
-lif m=O. 


3.3. Transformation of crisp SPP model into nutrosophic SPP 
If we tend to replaced the parameter RK,, into neutrosophic parameters, i.e.. RK.,, then the applied math 
model of the neutrosophic surroundings 1s as follows: ( Kumar et al. [78 | ) 


S S 
ee N 
Min = > > Ao Gireee aes 
m=l| k=] 


Subject to: (6) 


x, © And are non-negative. 
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3.4. Algorithm: A novel approach for finding the SPP under IVTrNS environment 

We consider a directed acyclic graph whose arc lengths are represented by neutrosophic number. Our proposed 
algorithm finds the shortest path from the source node s to the destination d of the graph. The steps of the 
algorithm are as follows: 


In this section, we tend to provide a completely unique methodology for locating absolutely the NSP in 
conjunction with the NSPL. we tend to think about I[VTrNS numbers for the parameters. 


Step I: Consider the neutrosophic model that is as follows. 


Min NSC =((NS,,,N5,,, NS, 4 |4(NSy1NSynoNS, 


ij,m? ij,k ij,l? ij,m? ij,k 


), (NS, ..NS, NS,..))x : (7) 


yl?” ~ j,m? 


Subject to constraints 
Subject to: 


ie se Te =K,, 
m=1 k=l 
for all z,, €R and non-negative where m,k =1,2,.....,s and 
lif me=T, 
Pees Of male tonciwe A-1 (8) 
-lif m=A. 
Step 2: Use the arithmatic operation from the definition 2.3, then we get 


k k 


k ok 
Ci py om b? 7 NC; 4° Ried DNC, oe 


a=l| b=1 1 b=1 a=1 b= 





— 


2 >) 
I en oN k 


k 
ik’ Xab? 2a Nob 


a=1 b=1 
k ok 
i Xap? DDC Xan? 


=) f= 


ger lads 


= 


NSC = (9) 


= 


M> 








g 
Il 
— 
8 
— 


NG gx 


7}, ab? 


eM > EM= IM i 


i, M> 





a=1 b=1 


With subject to constraints (8) 
Step 3: Solve the following ae SP problem using standard algorithm such as 


NC, =Min NC, = SY NC,, a es (10) 


a=1 b=] 
With subject to constraints (8) 


The optimum value of model 10, is NC, 
Step 4: Once more solve the subsequent crisp LPP mistreatment customary algorithmic program. 





—* —— kK ok 

NC,, =Min NC, = >) > NC jm *Xas (11) 
a=1 b=1 

With subject to constraints 


Nee Xan = NC, 


a=l| b=1 
Constraints of model (10) 
The optimal value of model 11 is NC, 
Step 5: an solve the eat ip crisp LPP mistreatment customary algorithmic program. 


NC, =Min NC, -Y > NC,, Neo (12) 


a=l b=] 
With subject to constraints 


>> NC,,, "Xap = NC, 
a=1 b=1 


Constraints of model 11 


The optimal value of model 12 is NC, 
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Step 6: Similarly, solve the subsequent crisp LPP mistreatment customary algorithmic program. 
k_ ek 
NC; = Min NC, = >) NC) Xap (13) 
a=1 b=1 


With subject to constraints 
DN Cis *Xy = NC, 
a=1 b=] 


Constraints of model 12 
The optimal value of model 13 1s 


Step 7: Again solve the subsequent crisp LPP mistreatment customary algorithmic program. 
kk 
NC,, = Min NC, =>), NC in *Xes (14) 
a=1 b=1 


With subject to constraints 


SYNC, Xap = NC; 
a=1 b=1 


Constraints of model 13 
The optimal value of model 14 is NC, 


Step 8: Again solve the subsequent crisp LPP mistreatment customary algorithmic program. 
k_ ek 
NC; SMiNC,; => > NC pi3%% (15) 
a=1 b=1 


With subject to constraints 


yy NC,,, -x,, =NC,, 


a=| b=1 
Constraints of model 14 
The optimal value of model 15 is NC, 





Step 9: Again solve the subsequent crisp LPP mistreatment customary algorithmic program. 
kek 
NC, =Min NC, =>) >°NC,,) +X, (16) 
73 ——— “gels 


With subject to constraints 


ae: 
> NC Xap = NC, 


a=l1 b=1 
Constraints of model 15 


The optimal value of model 16 is NC, 





Step 10: Again solve the subsequent crisp LPP mistreatment customary algorithmic program. 
k ok 
NC,, = Min NC, = 0) NC ym Xap (17) 
oO oO a=1 b=] 


With subject to constraints 


a: 
DNA Xap = NC, 


a=1 b=1 
Constraints of model 16 


The optimal value of model 17 is NC, : 





Step 11: Again solve the subsequent crisp LPP mistreatment customary algorithmic program. 
kok 
NC, -= Min: NCo= > > NC gy'%s, (18) 
aaa ~ a=l b=l 





With subject to constraints 


SYNC ap Xap =NC,. 


a=l1 b=1 
Constraints of model 17 





The optimal value of model 18 is NC,” 


Theorem 1:The optimal value of model (18) provides the optimum value of IVNSSP problem (7). 
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Proof:let x, be the ideal arrangement of model (18) and x,, be an arbitrary neutrosophic viable solution of 
IVNSSP (7). the solution system of the proposed technique confirms that the most excellent solution of problem 
(18) is the greatest answer of the problems (7)-(17). Owing the optimality of x, for problem (10) and feasibility 


—=# Ke es pee KK ye 
of x,, for problem (10), we conclude that NC, = Cy xX, <)> NC,,, -x,, Moreover, owing the 


a=1 b=! a=1 b=1 


——— kk , k ok 
optimality of x,, for hassle (11) and we conclude that NC,, = Cs x <> DNC» bm Xqp Similar 


a=l| b=1 a=l1 b= 


a" 


discussions make sure that 
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Therefore 


kk 
[ve ; NC ; NC | (SRG, ij,1 x VNC, x5 VNC, ik a} 
ab,l ° 5 


ab,m ? a=1 b=1 a=1 b=1 











1 
k ok 
NSC = (NC NCom > NCoax ); = [SNC 1 Sa TNC ao) 
a=1 b=1 a=l b=l 1 21 
(NCu \NCusm »NCass } kk . 
ATP \(S SNC a LINC un Sa DENG a 
1 a=l1 b 


a=| b=l 
4. Example of network application: 


To justify our proposed algorithms, we consider a network shown in Figure 3 [Broumi et al.[73,75-77], Kumar et 
al. [78] |] and figure 4 [Kumar et al. [11]] 


Example 4.1: Consider a network (Figure 3), with six nodes and eight edges, where node | is the SV and 
node 6 1s the DV. The IVTrNS cost is given in Table 3[73]. 
Table 3. The conditions of Example 4.1 [73] 


T H_ IVTrNS Cost T H_ IVTrNS Cost 

] 2 <(0.1,0.2,0.3);(0.2,0.3,0.5);(0.4,0.5,0.6)> 3. 4 <(0.2,0.3,0.5);(0.2,0.5,0.6);(0.4,0.5,0.6)> 
] 3. <(0.2,0.4,0.5);(0.3,0.5,0.6);(0.1,0.2,0.3)> 3. 5 <(0.3,0.6,0.7);(0.1,0.2,0.3);(0.1,0.4,0.5)> 
2 3 <(0.3,0.4,0.6);(0.1,0.2,0.3);(0.3,0.5,0.7)> 4 6 <(0.4,0.6,0.8);(0.2,0.4,0.5);(0.1,0.3,0.4)> 
2 5 <(0.1,0.3,0.4);(0.3,0.4,0.5);(0.2,0.3,0.6)> 5 6 <(0.2,0.3,0.4);(0.3,0.4,0.5);(0.1,0.3,0.5)> 


*ITVTINS: Integer valued triangular neutrosophic 


Solution: Applying steps 1-11 in proposed Algorithm, we get the NSSP as 1 2—5— 6 with the NSPL is 
<(0.4, 0.8, 1.1), (0.8, 1.1, 1.5), (0.7, 1.1, 2.1)>. 























Figure 3.A network where node | is the SV and node Figure 4. A network with eleven vertices and 
6 is the DV[Broumi et al.[73,75-77], Kumar et al. [78] twenty-five edges Kumar et al. [11] 
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Solution approach is shown in below steps: 


Step 1: The GVNSSP model is detailed as shown in equation 7: 

Min GVC =< (0.1,0.2,0.3);(0.2,0.3, 0.5);(0.4, 0.5, 0.6) >= (0.2, 0.4,0.5);(0.3, 0.5, 0.6); (0.1,0.2,0.3) 2X, 
+< (0.3,0.4,0.6);(0.1,0.2, 0.3); (0.3, 0.5, 0.7) oe Oe a (0.1,0.3, 0.4); (0.3, 0.4,0.5);(0.2, 0.3, 0.6) a oe 

+< (0.2, 0.3,0.5);(0.2, 0.5, 0.6); (0.4, 0.5, 0.6) >< (0.3, 0.6,0.7);(0.1,0.2,0.3);(0.1,0.4, 0.5) > Ke 

< (0.4, 0.6,0.8);(0.2,0.4,0.5);(0.1,0.3,0.4) > Net = (0.2, 0.3,0.4);(0.3,0.4,0.5);(0.1,0.3,0.5) a oe 

Subject to constraints in line with equation (8) 

xX, +X, = Xy3 TXy5 = Xy5 X34 TX35 = X31 X35 

X46 = X34> X56 =Xo5 + %X355 X56 + Xgg = 1 

Step 2: Execute the arithmatic operation on equation (7) then proceed to step 3 

Step 3: Now we get the linear standard equation (10) 

NGV, =Min NGV, =0.1ex,, + O.4ex,. + O.2ex,, + O0.20x,, + O.lex. + 0.2ex,, + O.3¢x,, + 0.30x,; 
Subject to constraints in line with equation (8) 

After excecuting the LPP then the optimal solution is 0.4. 

Step 4: Now we get the linear standard equation (11) 

NGV, =Min NGV, =0.2¢x,, + 0.6ex,, + O0.4ex,, + 0.3ex3, + O.3¢x5, + O0.3ex,, + 0.3¢x,, + 0.3x;, 
Subject to constraints in line with equation (10) and 

O.lex,, + O.40ex, + O.20x,, + 0.2¢x,, + O.lex, + 0.2ex,, + O.3ex,, + 0.3¢x,, = 0.4; 

After excecute the LPP then the optimal solution is 0.8 

Similarly proceed from step 5 to step 11, we get the final optimum solution the NSSP is |— 2 >5-— 6 and the 


GVNSSPL is <(0.4, 0.8, 1.1), (0.8, 1.1, 1.5), (0.7, 1.1, 2.1)>. 
Finally the shortest route is shown in figure 5: 











Figure 5: shown the suggested shortest route Figure 6. Membership eraph for solution obtained 
in example 4.2. 


Example 4.2. Consider figure 4 with 11 nodes and 25 edges, where SV is 1 and DV is 11. The IVTrNS time 
is given in Table 4[81]. 


Table 4. The conditions of Example 4.2 [81] 


T H _~ TrNS time H TrNS time 

1 2 <(1,3,15);(1,2,3);(2,4, 12)> 9 7 <(5,10,15); (2.5,5,7.5);(10,17.5; 19)> 

1 6 <(3,5,14);(1,1,5);(4,6, 11)> 10 7 <(4,6,8); (3,6,9);(1,1.75,2.5)> 

1 9 <(7,10,15);(0,2,4);(8, 11,12)> 4 6 <(9,16,23);(5.5,11,16.5);(11,19.25,25)> 
1 10 <(1,3,4); (1,1,5);(1,2,6)> 10 Ii <(0,4,11);(0,1,4.5);(7.5,11.75,24)> 

2 3 <(10,15,20);(14,16,22); (12,15,19)> 1 3 <(0,1,3);(0,1,6);(1,1,2)> 

Zz 9d <(20,60, 120);(7.5,30,67.5);(10,30.63,62.5)> 4 1] <(1,2,3);(0.5,1.5,2.5);(1.2,2.7,3.5)> 

3 #4 <(12,18,24);(9,18,27);(3,5.25,7.5)> 2 9 <(0.5,1.5,2.5);(0.3,1.3,2.2);(0.7,1.7,2.2)> 
3 «5 <(0.3,1.2,2.8);(0.5,1.5,2.5);(0.8,1.7,2.7)> 3 8 <(1,3,5);(0.5,1.5,2.5);(1.2,2.7,4.5)> 

4 5 <(1,5,8);(1.5,3,6.5);(4,7,9)> 6 1] <(1,4,7);(1,3,5);(3.5,6,7.5)> 

5 6 <(2,4,6);(1.5,2.5,3.5);(3,5,7)> 7 1] <(1,5,9);(1.5,4.5,6.5);(4,7, 10)> 

7 6 <(1,5,8);(1.5,3.5,6.5);(4,6,8.5)> 9 8 <(10,15,20);(14, 16,22); (12,15,19)> 

8 4 <(12,18,24);(9,18,27);(3,5.25,7.5)> 9 10 =<(4,6,8); (3,6,9);(1,1.75,2.5)> 

8 7 <(9,16,23);(5.5,11,16.5);(11,19.25,25)> 
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Solution: Applying steps 1-11 in proposed Algorithm, the NSSP is 1—+10— 11 and the NSSPL is <(1, 7, 15);(1, 
2, 9.5);(8.5, 13.75, 30)>. The result is shown in Table 4. And the final NSSPL shown in figure 6 where red graph 
is the truth value , green value is falsity value and blue value indeterminancy value. 


5. Result and Discussion 
At first, we examined the Example 4.1, which is considered by Broumzi et al.[73], We found that the proposed 
calculation gives indistinguishable SPP recommended by Broumi et al. [73] however in Model 4.1, their 
proposed least neutrosophic time taken is <(0.352, 0.608, 0.748), (0.018, 0.048,0.125), (0.002, 0.018, 0.09)> 
which isn't like our proposed neutrosophic time<(0.4,0.8, 1.1),(0.8, 1.1, 1.5), (0.7, 1.1, 2.1)>. So as to assess 
which time taken are progressively exact we execute def. 2.4-2.5, we found that Broumi et al. [73] recommended 
time gives 0.8291 scoring value, if there should arise an occurrence of Example 4.1 while our proposed 
technique gives 0.1333 scoring value in the event of Example 4.1. So obviously our recommended time is 
increasingly precise. So plainly our recommended neutrosophic times are increasingly exact. Also, our proposed 
techniques foresee the better neutrosophic ongoing values as contrasted and the referenced existing strategies. 
This can be logically shown as Broumi et al. Method [73] > our proposed method. The best part about our 


proposed calculations is that it gives the fresh ideal cost esteems as contrasted and the present existing technique. 
This is appeared in Table 5 (Numerical examination with existing techniques) individually. 


Presently, we consider Example 4.2, any of the current strategies cannot take care of these two issues because of 
the impediment of the current techniques which is examined before in Section 3. As a result of these restrictions, 
the current technique isn't substantial. Presently, subsequent to executing proposed Calculation; in Example 4.2 , 
the NSSP and the NSRT isl1410-—411 and 1s <(1, 7, 15);(1, 2, 9.5);(8.5, 13.75, 30)>Obviously the current 
techniques are not material wherever our proposed strategies execute the ideal arrangement. 


Table 5. Numerical Comparison of our proposed method with the existing methods. 
The method’s name Proposed path SVNSPP 
Process | [75] NA 


Process 2 [73] NSOC: <(0.352, 0.608, 0.748), (0.018, 0.048,0.125), (0.002, 
173 255-56 


0.018, 0.09)> 
Process 3 [76| NA 
Process 4 [77] 7 NA 
Suggested Algorithm 1 342—45—6 Suggested NSOC: <(0.4,0.8, 1.1),(0.8, 1.1, 1.5), (0.7, 1.1, 2.1)>. 
Process | [75] NA 
Process 2 [73] NA 
Process 3 [76| NA 
Process 4 [77] NA 


Suggested Algorithm 1510-511 Suggested NSOT: is <(1, 7, 15);(1, 2, 9.5);(8.5, 13.75, 30)> 


*NSOC: Neutrosophic optimum cost. *NSOT: Neutrosophic optimum time. 


Because of these capabilities, we can say that our proposed algorithms are superior to the existing methods. 
6. Conclusion 


Conventional SPP expect exact qualities for the curve loads which isn't generally the situation in genuine cir- 
cumstances. In this paper, a SPP having number esteemed neutrosophic circular segment loads has been explored. 
We intially figured the issue in the number esteemed neutrosophic condition. At that point, we proposed another 
arrangement appraoch for understanding whole number esteemed neutrosophic SPP. We changes over the 
IVNSSPP issue under thought into multi-objective LP issues which can be illuminated utilizing the standard LP 
calculations. According to the proposed optimization manner, the integer-valued neutrosophic source weight has 
preserved the shape of an integer-valued neutrosophic quantitiy. Furthermore, the shortcoming of the prevailing 
algorithms are pointed out and to show the benefits of the proposed algorithms. For this purpose, we have 
considered NSSPP and evaluate with existing methods. The numerical results show that the new algorithms 
outperform the present day stratgies. In future, we will extend the method to more complicated community 
issues involving integer-valued neutrosophic costs. 
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